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Some Special Photographic Effects 
Used in Motion-Picture Production 


This paper describes four types of special photographic effects used in motion- 
picture production: (a) the matte shot combines live action and a painting into 
one scene; (b) the composite matte shot employs the matte shot plus the combina- 
tion of two or more action scenes; (c) the glass shot is a method of photographing 
the live action and the painting simultaneously; (d) the traveling matte shot com- 
bines foreground action, which has been photographed against a monochromatic 


backing, with any desired background. 


| ANY TYPE of motion-picture 
composite photography may be success- 
fully attempted, the requirements of the 
equipment and film to be used must be 
considered 

The location of the image relative to 
the perforation hole must be repeated 
from frame to frame within a maximum 
tolerance of 0.001 in. This means that 
the camera and printers used in assem- 
bling the composite must have register 
pins which accurately fit the perforations 
of the films used, and that these films 
must be uniformly perforated. Failure to 
meet these requirements will cause the 
parts of the completed composite to move 
against themselves and disclose the fact 
that the scene is not a unit but composed 
of two or more parts. 

We shall discuss the four types of 
special photographic effects that are 
most generally used in current produc- 
tions. 


Stationary-Matte Shot 


This type of shot derives its name from 
a matting process that is presently used 
during the duplicating steps. It has two 


Presented on May 3, 1954, at the Society's Con- 
vention at Washington, D.C., by Norwood L. 
Simmons for the authors, Ray Kellogg and L. B 
Abbott, 20th Century-Fox Film Corp., Beverly 
Hills, Calif 
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aims: (1) to change locale (i.c., to put a 
foreground set with action into a back- 
ground of another part of the world); 
and (2) economy: obviously it is much 
cheaper to paint a picture of the upper 
floors of a building than it is to build 
them. This is also true of huge vaulted 
and elaborate ceilings, such as those of a 
cathedral, etc. Transportation, housing 
and other costs are saved by making the 
shot in the studio, even if such a building 
is obtainable elsewhere. 

Before duplicating stock was available 
it was necessary to block out or matte 
out certain portions of a scene so that it 
would be possible to double expose on 
the same negative a different mountain, 
the upper stories of a building, clouds, 
etc. This was done by cutting a matte of 
the desired shape and placing it in front 


Figure 1-A 
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of the camera, If a hard-edge matte was 
needed, it was placed far enough from 
the camera to be in focus, Conversely, if 
a soft-edge matte was needed, it was 
placed in the matte box attached to the 
camera and therefore out of focus 

The scene would then be shot with the 
camera securely tied down. At the end 
of the scene, 200 additional feet of film 
would be shot for testing 
Using an enlargement from a short piece 
of the test negative, the artist would add 


pur poses 


the necessary painting and would black 
in the area which had not been matted 
out when the scene was photographed 
Using the rest of the undeveloped test 
piece, the painting would then be 
balanced for exposure and corrected in 
other ways until the composite was satis- 
factory. At this point the painting was 
added to the original scene on the pro- 
duction film 

Since any mechanical or physical fault 
during the final stage would ruin the 
scene, the above method was abandoned 
as soon as good duplicating stocks were 
available, and the mattes are now made 
after the scene is shot and used during 


the duplicating stage. This method is 


Figure 1-B 
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Figure 1-D 
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more flexible and allows for better 
control. 
Figure 1-A depicts a scene which is 


available and can be made at the studio. 
Figure 1-B shows the completed scene. 
Note the added roof-tops, removal of oil 
derricks, et 

To accomplish this, a master-positive 
print is made from the negative. A 
master-positive print differs from a regu- 
lar projection print in the following 
manner: (1) the master-print stock has 
perforation holes which are the same as 


ACTION iti WINDOW 


those of the negative, making it possible 
to retain good (2) the 
emulsion of this stock is so designed that 
when used in conjunction with a specially 
designed duplicating negative, the result- 
ing duplicate will match the original 


registration. 


negative. 

Figure 1-C shows the method used in 
making the duplicate negative of the 
action portion of the scene. For this the 
camera is made into a printer by the use 
of a bipack magazine. The duplicating 
negative raw stock in the magazine’s 
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Figure 2-F 


Figure 2-G 


upper section is passed through the 
camera movement in back of, and in con- 
tact with, the developed master positive 
of the scene action. The matte board, 
focused in the aperture by the lens, be- 
comes a printing light large 
enough to afford easy hand control of the 
intensity of any area. In this instance, the 
portion of the picture which will be 
painted in the final matte shot is painted 
black on the (action) printing matte, so 
that while printing the action duplicate 
negative this area of the negative will re- 
main unexposed, 

Figure 1-D shows how the painting is 
added to the exposed but undeveloped 
duplicate negative. The painting is sub- 
stituted for the matte board and is 
painted black in the area occupied by the 
action. The printer is made a camera by 
eliminating the action master positive. 
The painting is added to the action 
duplicate negative in the area which was 
left unexposed by the black of the matte 
board, and the shot is complete. When 
the completed shot is viewed, should 
changes be desired, it is only necessary 
to make another duplicate negative 


source, 


Composite-Matte Shots 


The same methods of matting and 
duplicating that are used in straight 
ratte shots are used for this type of shot. 
The main difference is that in this case 
two or more action sections will be com- 
bined with a painting. 

This type of shot is almost invariably 
used when huge crowds of people are 
needed. By using 200 extras and moving 
them from area to area, it is possible to 
build a crowd of 2000. Since each extra, 
with wardrobe and makeup, plus addi- 
tional expenses, costs about $35.00 a 
day on a costume picture, a tremendous 
saving can be made. The latitude of this 
type of shot is almost limitless, as long 
as the cainera does not move. 

Figure 2-A_ illustrates a composite- 
matte shot made with four parts. To com- 
pose such a picture, it is first necessary 
to make a careful drawing to show the 
overall effect. This drawing must also 
establish the proper perspective for all 
the parts, plus the relative scale of objects 
and people. 

In Fig. 2-B distance and perspective 
have been established. The figure on the 
porch is photographed. He can move 
about as long as he does not go beyond 
the proposed matte line. 

In Fig. 2-C, with distance and perspec- 
tive established, the woman is properly 
located and photographed. The same 
light source and angle of light must 
be generally maintained for all the com- 
posite parts 

An area of water is photographed in 
Fig. 2-D. If it is miniature water, care 
must be taken to get the surface dis- 
turbance large enough in the foreground 
to diminish properly in the background. 
Rough forms can be erected to cast 
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proper reflections, or they can be dodged 
in or, where highlights appear, be double 
exposed in later 

Figure 2-E shows a painting of the 
building. This painting must be drawn 
in true perspective, carrying out the 
perspective lines to their proper vanish- 
ing points. The color and shading must 
match exactly with the action composite 
parts. The areas where the people and 
water will fall in the composite is blacked 
out so that there will be no exposure in 
them. 

Figure 2-F shows perfect reverse 
matte from that in Fig. 2-E. That is, the 
blacked-out areas are now white, and 
they become a controlled printing light. 
With these mattes the man on the porch 
and the girl in the window are dupli- 
cated, using a master print on a duplicate 
negative. 

In Fig. 2-G, in the same manner as in 
Fig. 2-F, the water area is white and the 
rest is matted out. After the water is 
duped in, the dupe negative is run 
through the camera again and, with the 
use of a printing matte which is all black 
except for painted reflections from the 
building, the highlight reflections are 
double exposed. 


The Traveling-Matte Shot 


This process provides a means by 
which foreground action photographed 
against a monochromatic background 
may be combined with any desired back- 
ground which has been or will be photo- 
graphed. 

The product received from the travel- 
ing matte is, in a broad sense, identical 
to that of the background transparency 
process, The advantages of the traveling 
matte over background transparency are : 
better definition in the background, un- 
limited foreground scale, and the facility 
of balancing the background and fore- 
ground for both color and density in the 
duplicating stage. 

The term traveling matte means a 
matte which is changing in each succes- 
sive frame following the action of the 
scene. There are a great many ways of 
obtaining these mattes for both color and 
black-and-white pictures. One method, 
used quite widely for many years, was 
to project each frame of the foreground 
action enlarged to a scale sufficient to 
allow hand drawing and then to make a 
silhouette drawing of each frame. Such 
a method was obviously tedious and ex- 
pensive, and has been used mostly for 
combining miniature and live action in 
short scenes depicting disasters, such as 
fires, floods, earthquakes, etc. It has 
been applied only in cases where the 
scale of the desired scene exceeded that 
obtainable by the background trans- 
parency process, or where it has been 
necessary for the people in the scene to be 
covered or obliterated by some falling or 
advancing part of the background. 

The method to be outlined here en- 
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tails no handwork, with the exception of 
those instances in which the background 
must progress or cover the foreground, 
Credit for the method presently in use 
should be given to the British and 
American Technicolor 
Irving Ries, M-G-M Studio; and Larry 
Butler, Columbia Pictures 


Corporations ; 


The problem confronted in making a 
matte without handwork is to be able 
to separate photographically the whites 
and blacks of the foreground from those 
of the background. This is accomplished 
in color photography in the following 
manner 

Figure 3-A shows the 
photographed against a blue backing. A 


foreground 


blue backing is chosen because it will 
expose the blue-sensitive layer of, for 
example, an integral negative film, and 
it will not expose the red-sensitive layer. 
This selectivity of color sensitivity is the 
key to the process. Any color which will 
expose one of the three red, blue or 
green 
the others may be used for the backing 


layers without exposing one of 
Blue is favored because, when lighting 


the action, face quality is more easily 
judged than it would be against vellow 


LUE FIELD 


Figure 3-A 


Figure 3-C 


Figure 3-E 


or green or red; also, should there be 
any matte fringing in the final scene the 
blue edge-effect: is more apt to be 
harmonious with the sky or water that 
often constitutes the background than 
would a red or green fringe 

Figure 3-B is the black-and-white 
separation positive from the blue-sensi- 
tive color negative. The darks of the 
foreground are well separated from the 
light background. 

Figure 3-C is a dupe negative from the 
black-and-white separation positive of 
the red-sensitive color negative. The 
lighter areas of the foreground, which 
are now dense because this is a negative 
image, are well separated from the clear 
background. 

Figure 3-D represents a combined 
print of Figs. 3-B and 3-C on one film 
It is seen that there is now density in 
both the white and black areas of the 
foreground, causing a complete silhouette 
against the clear background. 

Figure 3-E is a print from Fig. 3-D, 
which yields a clear foreground with an 
opaque background, 

Figure 3-F represents a background 
scene viewed through the silhouette 
foreground matte. 


Figure 3-B 


Figure 3-D 
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Figure 3-G 
Figure represents the foreground 
viewed through the: clear-area fore- 


ground matte. Since the blacks of Figs 
+P and 3-G represent no exposure in a 
negative, it is readily seen that each part 
may be exposed separately on the same 
negative, producing the final composite 
(Vig. 3-H) 

This explanation of the traveling- 
matte process has been condensed as 
much as possible to make its function 
most easily understood. In doing so, the 
physical and mechanical problems en- 
countered have not been mentioned. 
these factors 


Unfortunately, present 


some sizable hazards, and to avoid 
misunderstanding, a few of the requisites 
should be discussed 

No. color 


background may be used in the fore- 
ground, nor may translucent materials 


approaching that of the 


such as smoke, a glass of water or a fine- 
mesh veil be used. Should any of these 
be attempted, the results will be dis- 
heartening. In the case of the foreground 
color too closely approaching that of the 
background, it will join the background 
in the mattes, and the background will 
appear through the foreground. As an 
example, if the ingenue uses blue eye- 
shadow, she will have holes in her head 
instead of eyes, or if she wears a white 
veil through the rest of the picture, in 
these shots it will be blue 

The mechanical needs are an optical 
printer with excellent registration in the 
movements and a lens stage capable of 
repeatable moves in the order of 0.0001 
in. The processer must have a thorough 
understanding of the function of image 
spread in the matte films, as this is the 
means used to produce opposite mattes 
which fit one to the other 

Although the hazards of making a 
traveling matte may suggest that the 
traveling matte process is impractical, 
the fact is that its advantages in motion- 
picture production are so great that it is 
being used more and more by the in- 
dustry 


Glass Shots 


This is another method of doing the 
same thing as is done in a matte shot, i.c., 
adding a painting which may appear 
to be in front or in back of the fore- 
ground set. In actuality, the painting is 
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always closer to the camera than any 
part of the set. The glass shot has one 
advantage over the matte shot, namely 
the ability to pan or tilt the camera while 
shooting. This is possible because we are 
shooting a painted glass and a scene 
simultaneously. It should be noted that a 
glass shot is completed in one operation, 
involving no secondary photographic 
operations 

Lighting of the painted glass must be 
controlled to allow for light changes on 
exteriors. It is always necessary to have 
enough light to maintain a level high 
enough to carry focus on the painted 
glass and action beyond it. 

In order either to tilt or pan, it is 
necessary to have the lens centered over 
the node. This will hold the position of 
the painted section of the glass constant 
with respect to the real set it is matched 
to and avoid parallax. 

Figure 4-A shows the relative positions 
of the camera, the glass, its painted and 
clear areas, the action and the face of the 
set. 

Figure 4-B shows the panning area, the 
method of hiding the glass frames, the 
painted area. the clear glass and the 
matte line where painting and set join. 
Through the clear area, any desired 
action can take place, as long as it is 
below the matte line. Figure 4-C is a 
ground plan of the setup. Figure 4-D 
shows the nodal point head and how the 
lens is centered over the vertical and hori- 
zontal axis. 


Remarks 


The four methods of special photog- 
raphy which have been described here 
can all be used for present-day color 
productions, As delineated in this paper, 
three of them describe the technique as 
applied to black-and-white production. 


The approach for color production for 
these three techniques 1.¢., stationary- 
matte shots, composite-matte shots, and 
glass shots would be straightforward. 

The fourth technique — i.e., traveling 
mattes —- can be used as described in this 
paper only for motion-picture production 
in color. This process will not work with 
black-and-white production because it 
depends on the selectivity of color for 
its very operation the preparation of 
the mattes and subsequent masking of 
unwanted scene area. 

There are at least three other well- 
known techniques for producing travel- 
ing mattes in black-and-white motion- 
picture production. For the sake of 
simplicity, we will call these the Dunning 
protess, the density-separation process, 
and the process using a prism camera and 
a colored background. The Dunning 
process consists of shooting the back- 
ground scene, making a print of this, 
bleaching away the silver, then dyeing 
the gelatin image yellow and using this 
yellow “key” in the camera bipack 
fashion against the panchromatic raw 
stock which will be used for the final 
composite negative. The foreground 
action is lighted with yellow light against 
background. The foreground 
action may be photographed through 
the yellow “key” because the light reach- 
ing the camera from this yellow-lighted 
foreground passes through the “key” 
just as if it were not there. The blue- 
lighted background screen serves as a 
light source which is modulated by the 
yellow “key” and produces an image on 
the panchromatic film by virtue of the 
different degrees of density of the yellow 
“*key” to blue light. In this way, a single 
shot is obtained, which at one stroke 
shows the foreground action against a 
background scene. 

The second method of making mattes 
for black-and-white production the 
density-separation method consists of 
photographing foreground action against 
a totally black background, thus obtain- 
ing a negative film with varying degrees 
of density for the foreground action and 
with no density for the background. The 
foreground action must brightly 
lighted and very fully exposed in order to 
get good separation. A minimum of light 
must be allowed to fall on the black 
background. By subsequent duplicating 
operations it is possible to make a high- 
contrast matte of this foreground action 


a blue 


Figure 4-A 
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Figure 4-B 


and, by making negative and positive 
mattes, to combine the independently 
shot background action and the fore- 
ground which has been shot against the 
black background, 

The third and best method employs the 
use of a specially designed camera which 
uses a sputtered-surface block prism 
identical to that used in the Technicolor 
three-strip cameras. This prism makes 
possible simultaneous exposure of two 
films, each of which will have good defini- 
tion. Cameras of this type are now in use 
in England for the production of black- 
and-white traveling mattes in the follow- 
ing method. The foreground action is 
photographed against a blue backing. 
The same backing used in the color 
process is adequate. The foreground 
action is lighted with yellow light and 
recorded through the prism and a yellow 
filter on panchromatic negative. The 
mirror reflection of the prism is recorded 
on blue-sensitive film and is obviously a 
matte of the foreground action, 

Albert Tondreau of the Warner Bros. 
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Studios has achieved very satisfactory 
results using a prism camera and lighting 
a translucent screen from the back with 
ultraviolet light. The matte image is 
recorded on blue-sensitive film and the 
foreground action may be lighted in 
the normal manner. This system requires 
the use of a Wratten 2B filter on the fore- 
ground action to eliminate the ultra- 
violet light from the foreground record 
and the use of a Corning filter which will 
pass only ultraviolet light to the matte 
film. 

These split-beam systems have a great 
advantage over the present color method, 
in that the backing becomes black be- 
hind the foreground action and therefore 
is most easily matted in the combining 
process. An interesting thought for the 
future is that of applying the split-beam 
system to produce traveling mattes in 
color. The hindering factors at present 
are that the blue-sensitive films lose 
their sensitivity very rapidly below 400 
my, and there is no ultraviolet illuminat- 
ing source strong enough to expose the 
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matte film when a filter passing only the 
wave lengths below 400 must be used 

There is no doubt that the impetus 
provided by the whole motion-picture 
industry changing to color production 
for wide-screen display will soon produce 
new materials and machines to simplify 
many of the problems mentioned in this 
paper. Undoubtedly many readers of 
this paper who are not principally con- 
cerned with photographic effects will 
have many constructive criticisms and 
advanced ideas. The photoeflects person- 
nel of the industry will welcome such 
interest, 
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Shrinkage Behavior of 
Motion-Picture Film 


Shrinkage characteristics of both 35mm and 16mm films manufactured by Eastman 
Kodak Co. have been evaluated by laboratory measurements and by examination 
of film in commercial use. Professional 35mm triacetate films (both positive and 
earlier negative stock) show a low rate of shrinkage with age, reaching a range 
of about 0.37% in the lengthwise direction in three years and a maximum amount 
of not more than 0.6% in the lengthwise direction and 0.7% in the widthwise 
direction on the average over very long periods of time. 

An improved support for negative films is now being produced which pro- 
vides a maximum aging shrinkage of not more than 0.3%. This base is being used 
for both 35mm and i6mm negative stock for black-and-white and color film. 
16mm black-and-white positive films show essentially the same shrinkage char- 
acteristics as 35mm positive products. Kodachrome 16mm acetate propionate 
films of current manufacture have low shrinkage characteristics, reaching maxi- 
mum values of approximately 0.3% in the lengthwise direction and 0.4% in the 
widthwise direction over long periods of time. 


(>. of the important properties of 


motion-picture film is its susceptibility to 
shrinkage with age and to change of size 
with varying relative humidity and tem- 
perature, In many cases the steadiness of 
a projected image, or even the photo- 
graphic quality of a print, is limited be- 
cause of undesirable dimensional change 
of either negative or positive film stock in 
preparation of the picture, Dimensional 
stability is even more important in cer- 


PERCENT OF FL 


tain color processes where perfect regis- Fig. 1. Rate of replacement of Eastman 
tration of several images on one film is Nitrate Motion Picture Film by Triace- 
required, tate Safety Film. 
It is the lengthwise size change of the 

film which is particularly critical in mak- age characteristics of current Eastman 
ing prints from a negative on a continu- motion-picture films, 

ous printer, On the other hand, the width During the past five years most 35mm 
of projector gates sometimes makes film products have been converted from 
widthwise size changes in the film more cellulose nitrate to cellulose triacetate* 


important, In registration of color images 
both lengthwise and widthwise changes 
must be controlled, 

The nature of the various dimensional 
changes which occur in motion-picture 


* Actually, a “high acetyl” acetate (42.5 to 
44.0% acetyl), not a theoretical triacetate (44.8% 
acetyl). 


By C. R. FORDYCE, J. M. 
CALHOUN and E. E. MOYER 


film base. Manufacture of 35mm film 
in the United States by the Eastman Ko- 
dak Company since 1948 has been di- 
vided between nitrate and triacetate 
base in proportions shown by the chart 
of Figure 1. Until the latter part of 
1949 quantities of 35mm film on safety 
base were very small. A rapid transition 
to triacetate film support occurred in 
1950, and since 1951 no cellulose nitrate 
products have been made. Although 
the triacetate base film has a rather brief 
record in terms of years of commercial 
use, there are now available sufficient 
performance data to present a fairly 
clear picture of current and probable 
future shrinkage behavior. 


Positive Film 


Most of the measurements made in 
this study were on release positive film. 
The physical properties of the triacetate 
base have been such as to give very nearly 
the same shrinkage characteristics on all 
films, however, whether positive stock 
or negative stock made prior to 1954, and 
whether color or black-and-white film. 
All results are based upon measurements 
on films manufactured by the Eastman 
Kodak Company, and should be applied 
to those products only. The shrinkage 
measurements were made with essen- 
tially the same equipment as described by 
Calhoun? in 1947. 

The linear shrinkage behavior of strips 
of triacetate base film exposed to normal 
inside conditions (78 F and 60% R.H.) 
is shown in Fig. 2. A slight shrinkage 
occurs during photographic processing, 
after which a gradual aging shrinkage 
occurs, totalling about 0.39% in three 
years. This is somewhat greater than 


film was described in detail in 1944,' but 
the data given then do not apply accu- 
rately to current films, Briefly, these di- 
mensional changes may be classified as 
permanent and temporary. The former are 
caused largely by the loss of residual sol- 
vent remaining in the base and, to a 


lesser extent, by various mechanical 
effects, The latter are caused by changes 


in relative humidity or temperature and 
are reversible, 

This paper deals primarily with per- 
manent shrinkage and its purpose is to 


present as clearly as possible the shrink- 


Tresented on October 22, 1954, at the Society's TIME, YEARS 
Convention at Los Angeles, by C. R. Fordyce Fig. 2. Rate of shrinkage of processed triacetate 35mm motion- 
(whe read the paper), 4. M. Cathoun and &. E picture positive film at 78 F and 60% R.H. Controlled tests on 


Moyer, Manufacturing Experiments Div., East- 


man Kodak Co., Rochester 4, N.Y strips freely exposed to circulating air; all measurements made 
(This paper was received on October 6, 1954.) after reconditioning at 70 F and 50% R.H. 
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Fig. 3. Shrinkage vs. age for triacetate and nitrate prints scrapped after 
normal theater use. Measurements made at 70 F and 50% R.H. 


would be expected in normal use because 
shrinkage during storage in rolls would be 
slower than in freely suspended strips. 
This is borne out in Fig. 3, which shows 
the shrinkage rate of films which have 
been in commercial use. It will be noted 
in this chart that triacetate films which 
are three years old show a lower shrink- 
age than those which are two years old. 
This arises from the fact that the positive 
film made more recently has slightly 
higher shrinkage than the film made 
earlier because of changes in manufac- 
ture necessitated by other requirements 
such as curl. The curve for triacetate 
film is drawn to represent the behavior 
of the current material. For compari- 
son, the shrinkage rate of cellulose ni- 
trate release positive film is included on 
the same graph. These curves were 
made from measurements on samples of 
247 triacetate and 47 nitrate release 
prints returned to the factory for scrap 


be demonstrated that there is a much 
higher potential shrinkage than has been 
shown in the previous charts, When film 
was incubated at 90 F and 90° R.H. 
results given in Fig. 5 were obtained. 
Strips of film in free access to this atmos- 
phere for three years show a lengthwise 
shrinkage on the average of about 0.6%. 
(The range among different samples is 
generally within 0.5% to 0.7% shrink- 
age.) The reason for this shrinkage is 
that there is a certain amount of residual 
solvent in the film base which slowly 
finds its way to the surface and escapes 
over a period of time. The rate of this 
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LENGTHWISE SHRINKAGE % 


Fig. 4. Frequency distribution of shrinkage 
of triacetate and nitrate prints scrapped 
after normal theater use. Measurements 
made at 70 F and 50% R.H. 


residual solvent dissipation is accelerated 
by elevated temperatures, particularly at 
very high humidity. The amount of 
shrinkage which takes place in a film is, 
therefore, proportional to the amount of 
this solvent which has escaped, In the 
same manner, the maximum shrinkage 
which will ultimately take place can be 
calculated if one knows the residual! sol- 
vent content of the film, 

The relation of total residual solvent 
content to maximum shrinkage at 90 F 
and 90% R.H. is given in Fig. 6. This 
maximum shrinkage at 90 F and 90% 
R.H. is due almost entirely to solvent loss 


recovery after normal theater use. In 16 
Fig. 4 is shown a frequency distribution / 
chart of the shrinkage variation of these 16 
same 35mm films, all of which have com- 
pleted their useful print life. 

By use of accelerated aging tests it may bee: 
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Fig. 5. Average rate of shrinkage of processed triacetate 
35mm motion-picture positive film at 90 F and 90% R.H. Con- 
trolled tests on strips freely exposed to circulating air; all meas- 
urements made after reconditioning at 70 F and 50% R.H. 


Fordyce, Calhoun and Moyer: 


Fig. 6. Correlation between initial residual sol- 


vent content of triacetate base and maximum 


shrinkage of the film at 90 F and 90% R.H. Con- 
trolled tests on strips freely exposed to circulat- 
ing air; shrinkage measurements made after re- 
conditioning at 70 F and 50% R.H. 
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Fig.7. Average rate of shrinkage of processed triacetate 35mm 
positive motion-picture film at 90 F and 90% R.H. (logarithmic 
time scale), Controlled tests on strips freely exposed to circulat- 
ing air; all measurements made after reconditioning at 70 F 


and 50% R.H. 


from the base and so represents the maxi- 
potential shrinkage will 


occur in longer times at more moderate 


mum which 


conditions. It does not mean, of course, 
that this is the maximum shrinkage which 
any 
shrinkage from mechanical causes can be 


can occur at temperature, since 
produced if film is heated at more ele- 
vated temperatures, Analytical tests have 
shown that the residual solvent content 
of triacetate base Eastman Fine Grain 
Release Positive Film, Type 5302, is in 
the range of 3.5% to 4.0% at the time of 
manufacture. The shrinkage of 0.6%, ob- 
tained at 90 F and 90% R.H., as shown 
in Fig. 5, therefore, represents virtually 
the total shrinkage to be expected over 
any period of time under normal con- 
This has been confirmed by sol- 
vent analyses made on film samples after 
storage at 90 F and 90% R.H., which 
show that a negligible amount of solvent 
remains where the curve of Fig. 5 be- 
comes level, 

Based upon rate of shrinkage of film 
with the time under normal room con- 


ditions 


ditions, over a short period of years, it is 


Fig. 8. Average shrinkage rate of processed triacetate 35mm 
positive motion-picture film at 78 F and 60% R.H. (piotted on a 
logarithmic time scale for extrapolation). Controlled tests on 
strips freely exposed to circulating air; all measurements made 


after reconditioning at 70 F and 50% R.H. 


possible to predict with some degree of 
the probable shrinkage be- 
havior over long periods of time. This 
can be done by plotting shrinkage against 
the logarithm of time, which gives a 
typical S-shaped curve having a middle 
section which is nearly linear. The data 
of Fig. 5 for shrinkage at 90 F and 90% 
R.H. have been replotted in Fig. 7 in 
this way to illustrate the type of curve 
obtained, Now we can plot the data for 
shrinkage at normal conditions, 78 F and 
60% R.H., in the same fashion and extra- 
polate the curve with reasonable assur- 
ance, as shown in Fig. 8. From this graph 
it may be seen that a lengthwise shrink- 
age of approximately 0.45% is expected 
after about ten years, after which a very 
slow shrinkage rate will continue, pos- 
sibly to as long as 100 years, before the 
maximum figure of 0.6% is reached. For 
the purposes of this chart the widthwise 
shrinkage rate is also included as a sepa- 
rate curve. It will be noticed that the 
widthwise shrinkage follows closely the 
lengthwise shrinkage behavior, but is 
slightly greater in magnitude. 


accuracy 


06 +— 


Negative Film 

The shrinkage characteristics of nega- 
tive films must be maintained within a 
range which will permit good perform- 
ance in making prints. For optimum 
quality on continuous printers this re- 
quires that the perforation dimensions 
be at least 0.2% shorter than those of the 
positive raw stock being used, but not 
more than about 0.5% shorter. To meet 
these perforation requirements it is neces- 
sary to provide two features in negative 
film stock. First, the negative films must 
be manufactured with a perforation pitch 
of 0.1866, which is 0.2% shorter than the 
0.1870 pitch used for positive stock, and 
second, the aging shrinkage of negative 
film should not exceed about 0.3% dur- 
ing its useful life. A proposal to manufac- 
ture negative film stock in this range of 
shrinkage performance with cellulose tri- 
acetate safety base was reported in 1948.° 
Comparing the experimental data pre- 
sented at that time with the shrinkage 
behavior since obtained (same as for 
positive, Fig. 8) it will be seen that the 
negative film manufactured until re- 
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Fig. 9. Rate of shrinkage of processed triacetate 35mm motion- 
picture negative film at 78 F and 60% R.H. (Lower-shrink sup- 
Controlled tests on strips 
freely exposed to circulating air; all measurements made after 


port manufactured since June 1954. ) 


reconditioning at 70 F and 50% R.H. 
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Fig. 10. Average rate of shrinkage of processed triacetate 
35mm motion-picture negative film at 90 F and 90% R.H. 
(Lower-shrink support manufactured since June 1954.) Con- 
trolled tests on strips freely exposed to circulating air; all 


measurements made after reconditioning at 70 F and 50%, R.H. 
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Fig. 11. Average rate of shrinkage of processed triacetate 
35mm motion picture negative film at 78 F and 60% R.H. 
(Lower-shrink support manufactured since June 1954. Data 
plotted on a logarithmic time scale for extrapolation.) Con- 
trolled tests on strips freely exposed to circulating air; all 
measurements made after reconditioning at 70 F and 50% R.H. 


cently maintains the desired character- 
istics for about three years, after which 
time continued shrinkage at a low rate 
will give somewhat more than the desired 
shrinkage, totaling eventually approxi- 
mately twice the desired amount. 

In order to improve this shrinkage be- 
havior, a modified type of negative tri- 
acetate film support has been produced 
since June 1954, using a solvent com- 
position which permits more thorough 
curing of volatile solvents from the film 
base. Shrinkage behavior of this ma- 
terial is shown in Fig. 9. The total 
amount of volatile solvent in this type of 
film support is about 2%, which should 
permit an ultimate shrinkage of not more 
than about 0.3%. The rate of shrinkage 
at 90 F and 90% R.H., shown in Fig. 10, 
confirms that this product does not ex- 
hibit the higher shrinkage potential of 
the former support. The anticipated long 
term shrinkage behavior of present mo- 
tion-picture negative film base is given in 


predicted that a lengthwise shrinkage of 


approximately 0.2% will occur over a 
period of five years. Because of the total 
volatile solvent content of 2.0%, it is 
probable that the lengthwise shrinkage 
will not exceed a level of approximately 
0.3% over longer keeping periods of time. 
This improved triacetate support is now 
being used for both black-and-white and 
color negative films. 


Sixteen Millimeter Film 


Eastman 16mm black-and-white nega- 
tive films and black-and-white print film 
stock manufactured at the present time 
are on cellulose triacetate base and have 
shrinkage characteristics similar to those 
of the 35mm films as described in the 
previous sections, The average shrinkage 
of 16mm black-and-white print film stock 
is generally about 0.1% higher than the 
average for 35mm film, but still within 
the range shown in Fig. 2 

Kodachrome films are manufactured 


2 
TIME, YEARS 

Fig. 12. Rate of shrinkage of processed 
acetate propionate 16mm Kodachrome 
films at 70-78 F and 50 60% R.H. Con- 
trolled tests on strips freely exposed to 
circulating air; all measurements made 
after reconditioning at 70 F and 50% R.H. 
These data apply to Kodachrome Film, 
Daylight Type and Type A, and to Koda- 
chrome Duplicating Film, Type 5265; 
Kodachrome Commercial Film, Type 
5268, has been in the lowest shrinkage 
range since 1948. 


Those products have been subject to 
changes in manufacture over the past ten 
years, the modifications being directed 
toward improved shrinkage character- 
istics, Figure 12 shows the general shrink- 
age behavior of Kodachrome films, indi- 
cating a higher rate of shrinkage for prod- 
ucts manufactured before 1943, a re- 
duced order of shrinkage for films manu- 
factured during the years 1943 to 1951, 
and a low-shrinkage behavior for current 
products, manufactured 1952 
These curves apply to Kodachrome Film, 
Daylight Type and Type A, and to 
Kodachrome Duplicating Film, Type 


since 


Fig. 11, based on preliminary tests. It is on cellulose acetate propionate base. 5265. Kodachrome Commercial Film, 
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Fig. 14. Average rate of shrinkage of processed acetate pro- 


pionate 16mm Kodachrome films at 78 F and 60% R.H. (film 
manufactured since 1952. Data plotted on a logarithmic time 
scale for extrapolation), Controlled tests on strips freely ex- 
posed to circulating air; all measurements made after recon- 
ditioning at 70 F and 50% R.H. 


Fig. 13. Average rate of shrinkage of processed acetate pro- 
pionate 16mm Kodachrome films at 90 F and 90% R.H. (film 
manufactured since 1952.) Controlled tests on strips freely ex- 
posed to circulating air: all measurements made after recon- 
ditioning at 70 F and 50% R.H. 
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‘Type 5268, since 1948 has been manufac- 
tured on support of low-shrinkage be- 
havior, similar to the bottom range of 
Fig. 12, because of its use as a camera 
origina! film from which prints are made. 
Some Kodachrome film (of types other 
than Kodachrome Film) 
was manufactured on acetate butyrate 


Commercial 


base and on triacetate base prior to 1953 
These products had shrinkage properties 
in the middle range of Fig. 12. 

The accelerated keeping shrinkage of 
current Kodachrome films at 90 F and 
90% R.H. is given in Pig. 13, from which 
it will be seen that at this humidity and 
temperature the lengthwise shrinkage 
rapidly reaches a value slightly in execss 
of 0.2%, but goes very little beyond that 
point over a period of one year. Normal 
keeping behavior of both lengthwise and 
widthwise directions is given in Fig. 14. 
It is expected that maximum shrinkage 
over a long period of years will be in the 
order of 0.3% lengthwise and 0.4% in the 
widthwise direction. 


Processing Shrinkage and Humidity and 
Thermal Expansion 


Values for the tray processing shrink- 
age and the humidity and thermal ex- 
pansion of current Eastman motion- 
picture films are listed in Table I for com- 
pleteness. The processing shrinkage is a 
after 
processing and reconditioning at 70 F 
and 50% R.H. It is generally lower, and 


sometimes there is even a slight swell 


shrinkage measured 


permanent 


when the film is developed on a process- 
ing machine, because of a small amount 
of stretch introduced by the machine 
tension. The humidity and thermal ex- 
pansion values are for the temporary or 
changes which 


reversible dimensional 


occur with change in the atmospheric 
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Table IL. 
of Current Eastman Motion Picture Films. 


Average Proces ing Shrinkage, Humidity Expansion and Thermal Expansion 


Humidity expan- 


Processing sion per 10% Thermal expan- 
shrinkage, “% R.H., % sion per 10 F, 
Film Base (Tray (Range: (Range 
development)  20°,-70°% R.H.) 0-100 F) 
Length Width Length Width Length Width 
Black-and-White 
Negative and 
Eastman Color Triacetate 06 .07 .08 .03 .035 
Negative 
Black-and-White 
Positive and Triacetate 05 05 .06 .03 035 
Sound Recording 
Eastman Color Triacetate .07 .06 .07 .03 -035 
Print 
Kodachrome Films Acetate 
(16mm) propionate 09 .10 035 04 


conditions. These values must be added 
to or subtracted from the permanent 
shrinkages given above if the film is not 
in equilibrium with air at the standard 
conditions of 70 F and 50% R.H. 
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Discussion 


J. Tritsch (Melrich Instruments, Burbank): 1 be- 
lieve at one point Dr. Fordyce referred to a series 
of tests that were run in actual operation and I 
believe it was over a period of two to three years 
in actual theater use. It was my understanding 
that at a temperature of 78 degrees which was 
maintained, the film had a minimum of shrinkage 
resulting. Is that correct? 


Dr. Fordyce: There are two sets of data. The 
first slide was on samples of film that had never 
seen commercial use. They were developed and 
then put in a constant temperature room for 
The film samples in the second 
slide were never under controlled conditions at 
all. They were taken from used film collected 
when they were returned for scrap. We don’t 
There are 


three years 


have a history of them in any way 
247 samples identified as to age of manufacture 
by the edge markings and are, therefore, random 
samples of film that have been used commer- 
cially. 

Mr. Tritsch: Would it be safe to assume that 


78 degrees and 60% relative humidity would 
allow minimum shrinkage, or at least a standard 


of tolerable shrinkage? 


Dr. Fordyce: We used that condition to ap- 
proximate room conditions and we have ex- 
pected what we found, that if you expose a strip 
of film to the air freely, it will shrink a little faster 
than if kept in a roll and projected occasionally 
or used some other way; so from these data we 
eel that a piece of film kept openly exposed at 
78 degrees and 60% humidity would shrink faster 
than the average of products being used in 
normal use, 
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ditioning at 70 F and 50%, R.H. 
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ditioning at 70 F and 50% R.H. 


Densitometers for Control of Color 


Motion-Picture Film Processing 


The widespread use of negative and positive color films now available to the 
motion-picture industry has introduced new, more complicated and exacting con- 
trol requirements in the film-processing laboratories. In step with this trend, two 
new densitometers have been developed. One instrument is intended to provide 
precise control of the new color picture processes while the other provides diffuse 
density measurements of black-and-white, silver sulfide, and silver-image-with-dye 
sound tracks, The instruments, their application and performance are described. 


Wan THE integrating-sphere densi- 
tometer was first introduced in the mo- 
tion-picture industry circa 1940, the 
requirements, as seen in retrospect, were 
simple and few in number. It was axio- 
matic that readings of density, as defined 
by Hurter and Driffield,! should be in 
uniform agreement among instruments 
and should be in no way influenced by 
the design features of the equipment or 
the judgment of the observer. The spec- 
tral sensitivity of the instrument had to 
be adjusted to that of the eye corrected 
for the difference between the instrument 
light source and the standard light source 
(3000 K), so that visual diffuse density 
measurements obtained with the physical 
densitometer would be in agreement with 
readings carefully made with the visual- 
type instruments then in current use. It 
was also recognized that measurements 
of the printing density of a silver-image 
negative as seen by the positive film was 
desirable, although it was not until some 
time later that this was established 
as standard practice.? Later American 
Standard Z738.2.5-1946, for diffuse visual 
density and diffuse printing density, was 
adopted. Briefly, this specifies that meas- 
urements of diffuse visual density shall 
be obtained by illuminating the sample 
with nearly collimated light and collect- 
ing all of the light emerging from the 
sample, the spectral sensitivity of the in- 
strument being equivalent to that of the 
eye corrected for the difference between 
the instrument light source and the stand- 
ard light source (3000 K). The measure- 
ment of diffuse printing density is simi- 
larly specified except that in this case the 
spectral sensitivity is equivalent to that 
of the positive film. 

The RA-1100 Densitometer, which 
has been described previously before this 
Society,’ has met these requirements over 
a density range from zero to 3.0 with a 
reliability of operation and consistency 


Presented on October 22, 1954, at the Society's 
Convention at Los Angeles, by John G. Frayne 
and J. Howard Jacobs (who read the paper), 
Hollywood Div., Westrex Corp., 6601 Romaine 
St., Hollywood 38, Calif 

(This paper was received on October 29, 1954.) 
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Fig. 1. Spectral characteristics of 
filters for Ansco Color Negative-Positive 


Process. 


of readings among instruments that has 
resulted in its general acceptance by the 
industry as a standard for photographic 
density measurements. This instrument 
together with the widely adopted East- 
man IIb sensitometer* made possible the 
standardization of the sensitometry of 
black-and-white motion-picture sound 
film. It not only facilitated the establish- 
ment of essentially uniform picture-and- 
sound quality in the product of the vari- 
ous studios, but it also made it possible 
to obtain release prints throughout the 
world with a uniform standard of quality. 

Improvements in the motion-picture 
art resulted in the need for measurements 
of higher densities and accordingly the 
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type-A densitometer with a diffuse den- 
sity range of zero to 4.0 was made avail- 
able. This was followed by the type-B 
and later the type-C instrument in which 
the special aperture for measurement 
of 100-mil push-pull tracks was elimi- 
nated, leaving the 60- and 15-mil aper- 
tures available. 

Provision for measurement of color- 
film density was first incorporated in the 
type-D densitometer which provided an 
integrating sphere for the measurement 
of the diffuse density of black-and-white 
film over a range of zero to 4 and meas- 
urement of the diffuse density of color 
film over the range of zero to 3, using 
color filters with overlapping spectral 
characteristics, In this instrument, meas- 
urements for the control of various color 
processes were provided by the use of 
interchangeable filter wheels, each con- 
taining the appropriate set of filters for a 
narticular color process, As an example, a 
set of color filters, devised in cooperation 
with representatives of Ansco, was appli- 
cable to the Ansco color negative-positive 
process described in the 
Journal.’ The spectral characteristics of 


previously 


these filters are shown in Fig. 1. Provision 
was made for the measurement of the 
specular density of color film over a 
range of 0 to 4 by introducing a lens and 
a pair of mirrors within the sphere, so 
that by means of an external control, the 
light could be reflected directly onto the 
photocell. A sketch of this arrangement 
is shown in Fig. 2. The solid lines show 
the two mirrors directing the light onto 
the cathode of the photocell. The broken 
lines show the mirror assembly with- 
drawn from the optical path for diffuse- 
density measurements, 

An illuminated surround was placed 
around the aperture of this instrument to 


facilitate locating the particular area of 


the color film to be measured. The use of 


Fig. 2. Sketch of mirrors within sphere. 


Fig. 3. Illuminated surround. 
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Fig. 4. 


an illuminated surround was not new in 
this instrument, nevertheless its introduc- 
tion presented an interesting problem due 
to the proximity of the integrating sphere 
to the film plane. A specially-shaped lu- 
cite disk, edge-lighted with six small 
lamps provided satisfactory illumination. 
The assembly is shown in Fig. 3. Item 1 
shows a section of the instrument panel, 
and Item 2 is the integrating sphere. The 
lucite disk, which is edge-lighted, is lo- 
cated between the panel and the sphere 
and is shown as Item 3. It was specially 
shaped so that the light internally re- 
flected within the disk provided a suit- 
ably illuminated area about the scanning 
aperture, One of the lamps is shown as 
Item 4. 

Further research into the nature of the 
color-dye images revealed that the Cal- 
lier coetlicient was sufficiently greater 
than unity to make the specular-density 
measurements, supplied by the type-D 
densitometer, not completely suitable for 
accurate control of color-film processing. 
On the other hand, the use of the inte- 
grating sphere, while desirable for dif- 
fuse-density measurements, was not prac- 
tical with the low-transmission filters 
specified by the color-film manufacturers 
for the measurement of integral color- 
film densities. This has been discussed by 
Macleish before the Society.® 

As an alternate, it was suggested that 
the sphere be replaced with a 1P42 
photocell, mounted so that its active sur- 
face is just below the film emulsion. In 
this position the cell collects nearly all of 
the light transmitted through the film 
and the departure of the measurements 
from diffuse density appears to be insig- 
nificant in the control of the current 
color-film processes. This arrangement 


Front view of RA-1100-E Densitometer. 


has been incorporated in the RA-1100-E 
Densitometer described below. 

The RA-1100-E Densitometer is in- 
tended primarily to provide integral- 
density measurements of picture color 
negatives and positives and essentially 
diffuse visual-density and _print-density 


FILTER DISC 
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measurements of black-and-white picture 
film. Figure 4 is a view of the instrument 
from the operator’s position, and without 
its associated power supply and regulat- 
ing-voltage transformer which are 
mounted separately in a convenient 
place. The head assembly at the left 
contains the optical system which is 
shown schematically in Fig. 5. Below the 
head assembly is an illuminated sur- 
round containing a circular aperture 100 
mils in diameter. Immediately below the 
aperture is a 1P42 photocell which col- 
lects nearly all of the light transmitted 
through the aperture. Just above the 
aperture plate is a film gate which is de- 
signed to accommodate 35mm film. 

To the right of the head assembly is the 
meter case containing an easily viewed 
meter, which has essentially logarithmic 
response and therefore reads linearly in 
density. The meter scale reads from zero 
to 1.1; and four density ranges, 0 to 1, 1 
to 2, 2 to 3 and 3 to 4, are covered by this 
scale by the use of four interlocking push- 
buttons. The extra 0.1 density range at 
the upper end of the scale provides over- 
lap between successive ranges. Four po- 
tentiometer knobs on the left side of the 
meter case provide means for pre-setting 
the meter zero point for the three color 
and the two black-and-white filters. 
Contacts operated by the filter wheel 
automatically select the appropriate 
meter zero point for each filter in the 
optical path. On the right side of the 


OBJECTIVE 
LENS 


Fig. 5. Optical schematic. 
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Fig. 6. Spectral characteristics of 
Eastman Kodak Status A Filters. 


meter case is the knob controlling the 
addi- 
tional switches for operation of the instru- 


calibrating potentiometer. The 


ment are located on the main pane! 


Optical System 


The optical system is shown schemati- 
cally in Fig. 5. The light source is a stand- 
ard tungsten lamp with a prefocus base. 
The filament of the lamp is operated at a 
relatively low temperature to insure long 
life and the current is supplied by a satu- 
ration type of voltage regulator which 
maintains constant voltage over a wide 
range of line voltage. 

The condenser-lens assembly consists 
of a pair of plano-convex lenses and a 
Pittsburgh HA-2043 heat-absorbing fil- 
ter. The image of the lamp filament is 
brought to a focus on a cylindrical block 
of glass, the length of which is chosen to 
eliminate the coil pattern of the filament 
at its exit. The cone of light, falling on 
this block, is interrupted by a synchro- 
nously driven interrupter wheel which 
gives a frequency of 375 or 450 cycles/se« 
on a power supply of 50 or 60 cycles re- 
spectively. The light from the glass block 
is reflected downward by an aluminum- 
coated first-surface mirror to the ob- 
jective lens, which brings the exit face 
of the glass block to a focus at the film 
plane. 

A color filter disk, which can be rotated 
to intercept the light beam with any one 
of five color filters, is located between the 
condenser lens and interrupter wheel. 
The filter disk is normally equipped with 
three Eastman Kodak “Status A” nar- 
row bandpass color filters for measuring 
the integral color densities of Eastman 
color positives, and two filters for measur- 
ing visual and printing densities of black- 
and-white films. The filter disks are 
readily interchangeable and a second one 
is used to carry three “Status K” color 
filters to meet the different requirements 
for measurement of the color densities of 
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Fig. 2. Sketch of mirrors within sphere. 


Eastman color negatives. Different sets 
of color filters can be substituted for other 
color-film processes. 

The Eastman Kodak Status A and 
Status K filters are made up of combi- 
nations of glass and gelatin filters. Their 
spectral characteristics are 
Figs. 6 and 7 respectively. The filter for 
measuring the visual density of black- 
and-white film has been selected so that 


shown in 


the resultant spectral response closely 
simulates that of the eye. 

The printing-density filter provides a 
density reading of a_ black-and-white 
negative which is essentially the same 
as is seen by the positive film. 

A densitometer, with the photocell lo- 
cated directly beneath the film sample, 
does not strictly conform with the Ameri- 
can Standard for diffuse density. To em- 
ploy this method for measuring the den- 
sity of soundtracks would be a retrogres- 
sive step from the earlier types of the 
RA-1100 Densitometer which met the 
standard for black-and-white film. The 
RA-1100-F Densitometer was accord- 
ingly designed to provide integral diffuse 
density measurements of black-and-white 
silver sulfide and silver-with-dye sound- 
tracks. The optical system for the type-F 
densitometer differs in five respects from 
that for the E-type instrument. Referring 
to Fig. 5, the glass block is rectangular in- 
stead of circular in cross section to con- 
form with the rectangular scanning aper- 
tures, The illuminated surround has been 
eliminated since it is not particularly use- 
ful for soundtrack 
metal slide just below the film plane con- 
tains a wide and a narrow light aperture, 
either of which can be centered easily on 
the scanning-beam axis. The wide aper- 


measurements. A 
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Fig. 8. Spectral characteristic of 
infrared filter. 


Volume 64 


Illuminated surround. 
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Fig. 7. 
Eastman Kodak Status K Filters. 


Spectral characteristics 


ture clears the scanning beam, the dimen- 
sions of which are 0.060 * 0.170 in. The 
narrow aperture limits the width of the 
light beam to 0.015 in 

The 1P42 photocell has been removed 
and the usual integrating sphere has been 
restored to the instrument as indicated 
by the broken lines in Fig. 5, A 929 blue- 
sensitive photocell and a 925 red-sensitive 
photocell are located within the sphere in 
such a manner that any light reaching 
the cells has been reflected more than 
once about the internal surface of the 
sphere which is coated with magnesium 
oxide to insure maximum diffusion of the 
light 

The filter disk contains two color filters 
to provide measurements of visual diffuse 
and printing densities of black-and-white 
film. The 929-type photocell functions 
with these filters. The filter disk contains 
a third color filter, consisting of the com- 
bination of an interference and a glass 
filter to provide a narrow bandpass in the 
spectral region at 800 my. Its spectral 
characteristic is shown in Fig. 8. This 
follows the for the 
densitometry of silver sulfide soundtracks 
as set forth by Lovick.’ This filter, in con- 
junction with the 925-type photocell, pro- 
vides a thoroughly reproducible density 
reading of silver sulfide soundtrack meas- 
ured at the peak wavelength of the spec- 
tral sensitivity of the average theater 


recommendations 


reproducer. 

Since the heat-absorbing filter would 
interfere with the measurements at 800 
my, it has been removed from the con- 
denser lens assembly and one has been in- 
cluded in the visual-diffuse and printing- 
density filter assemblies 
Amplifiers 

Two types of amplifiers are supplied in 
the type-E and type-F densitometers to 
meet the specific requirements for each 
instrument. In the type-E unit, a pre- 
amplifier and a main amplifier are used, 
as shown on the simplified schematic cir- 
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the chopper motor. Potentiometer P-2 
adjusts the overall gain and P-4 sets the 
operating point of the output tube. These 
are not operating controls and they are 
accordingly located within the instru- 
ment. Potentiometer P-3, together with 
D-1 and the gain control associated with 
the filter position being used (P-5), ad- 
just the upper and lower points of the 
meter scale so that the full scale from 
zero to 1.0 covers a range of exactly 20 
db or a density range of 1.0. The switch 
D-2 introduces additional meter damp- 
ing automatically when the 2-3 and 3-4 
density scale is used 

The main amplifier has an adjustable 
gain of nearly 100 db, of which about 86 
db is normally required. The bandpass 
characteristic of the preamplifier plus 
that of the main amplifier are sufficiently 
selective to provide a_ signal-to-noise 
ratio of better than 10 db for the lowest 
signal input, namely that obtained with 
the Status K red filter and a film density 
of 4.0. 

The amplifier for the type-F densitom- 
eter is shown in simplified schematic 
form in Fig. 10. The output from two 
parallel photocells (type 925 for infrared 
sensitivity and 929 for visual and print 
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cuit in Fig. 9, The photocell output con- 
nects to a cathode-follower 
(VIA) which provides a high input im- 
pedance and permits the use of a high- 


input stage 


vaiue of load resistance for the photocell 
In this way a relatively high output volt- 
age is obtained from the photocell 

Ihe first stage is followed by two gain 
stages (VIB and V2A). The potentiom- 
eter P-1 in the grid circuit of V2A pro- 
vides adjustable gain to compensate for 
variations in sensitivity of photocells or 
for the aging of the lamp. P-1 is adjusted 
to a level that will insure against over- 
loading the preamplifier when measure- 
low-density 


ments are being made of 
black-and-white film. Positive feedback 
between the cathode of V2A and the 


cathode of V1B, and negative feedback 


between the plate of V2A and cathode of 


V1B are incorporated, the values of the 
components having been selected to pro- 


vide a bandpass filter peaked in the re- 
ie 
Fig. 10. 
70 


gion of 375 to 450 cycles/sec to obtain 
the necessary signal-to-noise ratio for 
low light levels. 

The two gain stages feed a cathode- 
follower stage (V2B) which provides a 
low-impedance circuit in which the con- 
trols, for presetting the gain for the vari- 
ous color filters and for the four meter 
ranges, are located. The switch D-1 is the 


pushbutton switch, which when de- 
pressed, introduces 20 db attenuation to 
calibrate the upper end of the meter 


scale. The gain of the preamplifier is ap- 
proximately 36 db and it is linear up to 
an output of 10 v 

The preamplifier drives the main am- 
plifier which has two high-gain pentode 
stages of twin-diode 
rectifier and an output triode. The plate 
circuits of the first two tubes are tuned 


amplification, a 


to provide a bandpass characteristic cen- 
tered at either 450 or 375 cycles/sec, de- 
pending on the line frequency operating 
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Simplified schematic circuit of amplifiers used in Type-F Densitometer. 


measurements) is connected to the grid 
of a low noise type 1620 pentode vac- 
uum tube. In the cathode of this pentode 
are located three separate preset gain 
controls for the visual, print and 
infrared filter positions. Following 
the 1620 input stage is the range switch, 
of four positions, 20 db per step. This is 
followed by the pushbutton switch D-1 
which provides 20-db attenuation com- 
pared to the 0-1 density position for cali- 
brating the meter scale. After the range 
switch, are two gain stages with gain ad- 
justable by the potentiometer P-2. As in 
the type-E densitometer described above, 
P-4 sets the operating point of the output 
tube V5. Output from the rectifier tube 
V4 applies negative bias to the 6N7-G 
metering tube, V5, resulting in decreased 
current through the indicating meter in 
the cathode of V5. 

As in the type-E densitometer the 0 
and 1.0 positions of the meter are ad- 
justed by the use of P-5 and P-3 (which 
adjust respectively amplifier gain and 
static current through the 6N7 metering 
tube) in conjunction with switch D-1! 
which produces two signals of 20 db 
difference in level. 

A bandpass characteristic is obtained 
in the type-F densitometer by the tuned 
circuit in the cathode of V2. This does 
not have as sharp a cutoff as in the type-E 
densitometer since the signal-to-noise re- 
quirements are not as severe. 


Operation 


The operation of the densitometers has 
been made as simple and rapid as pos- 
sible. The power switch also controls the 
external power supply and voltage regu- 
lator. To use the E-type instrument, the 
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Fig. 11, Comparison of Type-E Densi- 
tometer readings with standard diffuse- 
density readings. 


end points of the meter scale are firs' 
adjusted for each of the filters in the filter 
wheel. The adjustment for each filter 
consists of first setting the meter pointer 
to zero by means of the appropriate knob 
at the left of the meter panel. The pointer 
is then set to 1.0 using the righthand knob 
with the calibrate pushbutton depressed. 
The two filters for black-and-white film 
operate at the same zero setting. There- 
after it is only necessary to select the de- 
sired filter by rotating the filter wheel to 
obtain a density reading since the zero 
point for each filter is automatically se- 
lected by the position of the filter wheel. 

To make a measurement, the film is 
placed in the gate with the emulsion side 
down. The illuminated surround 
facilitates locating the exact film 
area to be measured. When the 
density reading exceeds 1.0, the push- 
button marked 1-2 is depressed and 1.0 is 
added to the meter reading. If the den- 
sity exceeds 2.0, the pushbutton marked 
2-3 is depressed and 2.0 is added to the 
meter reading, and likewise to the next 
scale as the density exceeds 3.0. 


Performance 


The RA-1100-E Densitometer provides 
integral density readings 
black-and-white film which closely ap- 


of color and 
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proach the diffuse-density values as 
established in American Standard Z38.- 
2.5-1946. The maximum departure of the 
density readings from the standard dif- 
fuse values for black-and-white film are 
This shows that the 
diffuse 
density measurements of black-and-white 


shown in Fig. 
instrument gives substantially 


films. The color filters used in the instru- 
ment have sufficiently narrow bandpass 
characteristics to provide reliable control 
of the negative-positive color processes in 
the film laboratories. A comparison of 
readings with those obtained with the 
Eastman Kodak Type 31A Densitometer 
from the same sensitometer strips using 
one of the green filters which is common 
to both instruments is shown in Fig. 12. 
Close agreement is obtained throughout 
most of the density range. Similar agree- 
ment is found between the two instru- 
ments for the red and blue filters. With 
the high signal-to-noise 
the transmission system extremely stable 
operation is found even at density values 
as high as 4.0 with the most dense red 
filter in the optical path, 


ratio obtained in 


Conclusion 


Notwithstanding the evolutionary 
changes that have been introduced into 
RA-1100 


the desirable and conve- 


the successive models of the 
Densitometer, 
nient operating features, 
mental principles, and even the general 
appearance have been 


the basic funda- 


maintained 
throughout. Every effort has been made 
to insure its universal acceptance as a 
standard for determining the photo- 
graphic density of color as well as neutral- 
density film, for the control of film proc- 


essing in the motion-picture industry 
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A Short History 


fenoruary 


of Television Recording 


This paper describes the development of the three basic television recording 
processes since 1927, It also describes the film-recording processes used in both 
the United States and Great Britain. The introduction of television recordings 
made on magnetic material in both monochrome and color is noted. The paper 
concludes with a short résume on the new art of electronic motion pictures pro- 
duced with television cameras and recording facilities. 


ri EVISION recording is an important 
part of the television industry today. 
Film recordings are made for a variety of 
useful purposes, some of which are: to 
compensate for time differentials, to delay 
presentation of a program to a more 
convenient time, and to provide network 
service to stations not connected by radio- 
cable. In 
programs may be recorded in advance 


relay or coaxial addition, 


to allow personnel to be elsewhere when 
the program is telecast, or even to provide 
a reserve program in case of emergency. 
As a result, the amount of film used to 
record programs by the major networks 
in the United States far surpasses that 
used by conventional film making means. 

This recording of the television signal 
has been complicated lately with the 
adoption of a compatible color-television 
system. Since more and more network 
programs will be presented in color, a 
satisfactory commercial system of color 
recording must be developed that will 
have the same flexibility and speed as 
the monochrome recording. One of 
the answers to recording in color seems 
to have been solved with the introduction 
of magnetic television recording. This 
has been presented in both black-and- 
white and in full color, although only in 
a developmental stage. Magnetic tele- 
vision recording has many advantages 
such as: immediate playback of the 
picture, no development or chemical 
processing needed, and the saving if the 
magnetic material is used over and over. 

Finally the possibilities of actually 
making high-quality motion pictures by 
means of television recording and eclec- 
tronic (television) cameras opens up a 
whole new field of endeavor. The 
advantages of this method have long been 
recognized but it has been only lately 
that equipment capable of the definition 
required has become available. It is 
to be expected that this process will 
eventually replace the more conventional 
film making methods. 


Presented on October 19, 1954, at the Society's 
Convention at Los Angeles, by Albert Abramson, 
CBS Television, 1313 N. Vine St., Hollywood, 
Calif 

(This paper was received on December 22, 1954.) 


Historical Development 


Phonovision by Baird. Television record- 
ing is almost as old as television itself. 
To find the first efforts at recording the 
television image we must go back to the 
work of John L. Baird in England in 
1927. Baird was a restless experimenter 
who covered the whole field of television. 
He tried long distance television, night- 
time television, stereoscopic television 
and color television.' It is littke wonder 
that he even tried recording television. 
This he did on a machine called the 
Phonoscope.? Baird was experimenting 
with a process of “Phonovision’’? which 
was the recording of the television signal 
on phonograph records. At this time, 
Baird was transmitting a 30-line picture 
at a rate of 124 frames sec. Thus the 
signal was actually of a very low fre- 
quency, so low, that it was easily carried 
on a regular telephone line or impressed 
on a wax record. The amplified signal 
was carried to an ordinary stylus head 
where the “picture’”’ was converted into 
vibrations on the surface of the record. 
If desired, a synchronized record could 
be made of both the picture and the 
sound with either a double track being 
made, on one record, or else recording 
the sound on an accompanying record. 
To reproduce this record all that was 
necessary was a turntable synchronized 
with a scanning disc. The vibrations 
were converted back into electrical im- 
pulses which were fed to a neon light 
which illuminated the apertures in the 
scanning disc. Undoubtedly they were 
of poor quality for they were subject to 
the limitations of the crude mechanical 
system that produced them and there 
were other losses in the recording and 
reproduction processes. Baird soon 
tired of this facet of television and went 
on to more promising aspects of the field. 
However, we must credit him with 
making the first television recordings. 


Rtcheouloff’s Magnetic Recorder. While 
Baird was experimenting with his stylus 
recordings of the television signal another 
man filed a patent in England on Jan- 
uary 4, 1927, for a process of recording 
the television signal on magnetic mate- 
rial. This was B. Rtcheouloff who in- 
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dicated apparatus “...adapted for the 
production of a magnetic record of the 
Poulsen telegraphone type.” Poulsen 
was the Danish physicist who invented 
magnetic recording in 1898. Rtcheou- 
loff’s patent indicated that the accom- 
panying sound was to be recorded on the 
opposite side of the magnetic material. 
At the receiving end the record was to 
feed several television receivers and the 
telegraphone receivers.* There is no 
indication that this apparatus was ever 
built. 


Hartley and Ives. On September 14, 
1927, Hartley and Ives of Electrical 
Research Products proposed a new 
method of “‘interposed”’ film at both the 
transmitting and receiving ends. The 
reasons given were as fol!ows: “Tele- 
vision of background details is improved 
and increased illumination is obtained 
by taking a kinematographic film of the 
scene to be transmitted.” Thus they 
proposed a method of television in which 
the scene to be transmitted would first be 
filmed by conventional methods and then 
the resultant film would be scanned for 
transmission. They also stated that 
“... preferably a photographic process 
is also interposed at the television re- 
ceiving station.’’* This, of course, is the 
basis of the “intermediate film’’ process 
which later came into being as one means 
of producing large screen television. 

Thus the period of 1926—27 saw the 
birth of the three basic television record- 
ing processes; however, of the three, only 
one, the film recording process or “‘inter- 
mediate film’? method, was to be of any 
consequence for the next twenty-five 
years. 

During the early 1930’s there were 
many attempts to project a large-screen 
television image. Most of these used 
large scanning disks with powerful arc 
lights modulated by a Kerr cell. But 
many experimenters tried to take ad- 
vantage of the regular motion-picture 
film projector and its greater light- 
throwing capacity. 


Lee De Forest’s Large-Screen Projector. 
De Forest and his associates filed a patent 
on April 24, 1931, for a method of re- 
cording pictures, film or events, “at the 
receiver by the etching action of an elec- 
trical discharge upon a suitable coating 
applied to a moving picture film or 
strip.”® Their apparatus consisted of a 
revolving wheel with a series of needle- 
points. These needle-points were con- 
nected to the receiving apparatus which 
impressed the video signal upon them. 
These points passed over a strip of 
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moving 35mm film which was coated 
with pure metallic silver. As the im- 
pulses varied, so did the etching action of 
the needle-points as they passed over 
the film. Thus the dark and light por- 
tions of the picture were to be reproduced 
as modulated lines on the film. This 
etched film was to be projected on a 
standard motion-picture machine.* 
However, due to many difficulties, this 
method was soon abandoned as imprac- 
ticable. 


The Intermediate-Film Process 


The Intermediate-Film Transmitter. An- 
other attempt at large-screen television 
was made by Fernseh A.G. in Germany. 
In 1932 they introduced their “inter- 
mediate film’? transmitter at the Berlin 
Radio Exhibition. This was a_ tele- 
vision apparatus that first photographed 
the image to be transmitted by means of 
an ordinary motion-picture 
The scene was photographed on film 
prepared with a rapid and _ sensitive 
surface. This film was then passed 
through tanks where it was developed, 
fixed and washed, and while still wet (or 
in some cases after it had been partially 
dried) fed through a film gate in the last 
tank. Here it was fed to a scanning disk 
where it was dissected for transmission. 
After transmission, the film was either 
resensitized for immediate re-use or else 
saved for future transmission. 


camera.’ 


The Intermediate-Film Receiver. At the 
1933 Berlin Radio Exhibition Fernseh 
again demonstrated this intermediate- 
film transmitter. Also in this year they 
demonstrated for the first time their 
“intermediate film’? receiver for large- 
screen television.’ Here the received 
signal was “recorded” on motion- 
picture film and then rapidly processed 
and projected by a standard motion- 
picture machine onto a full-size screen. 

At the receiving end, the television sig- 
nals were made to modulate a powerful 
beam of light by means of a Kerr cell. 
Between the cell and the film was a 
scanning disk with 90 hexagonal holes. 
This was rotated at a speed of 3000 rpm, 
Thus with 25 frames/sec a 180-line 
picture was obtained. The resultant 
light was focused on the film by a special 
optical system. 

An image of the aperture in the disk 
was focused onto the sensitized film that 
was passing down a recording window. 
In this manner a series of adjacent lines 
of varying amounts of light and shade 
along each line, were imprinted on the 
film, so building up a picture. The 
film was rapidly developed and fixed. It 
was then fed into a theater projector of 
the usual intermittent type. The pic- 
ture was 10 ft by 13 ft in size. 

Thus the first television film recordings 
were made in 1933. This system was 
again demonstrated in 1934 using the 
same apparatus. The film was either saved 


or resensitized as in the intermediate- 
film transmitting process. The results 
were often marred by blotches on the 
film. There was a delay of some 20 sec 
between the time the image was received 
and the time it was projected on the 
screen. 

In 1935 the intermediate-film receiving 
system dispensed with the mechanical 
scanning disk and the Kerr cell in favor of 
a cathode-ray picture tube. A patent 
was taken out by Rolf Maller of Fernseh 
A.G. in Germany on December 12, 
1934, for recording television images on 
film from a cathode-ray tube using 
continuously moving film. ‘This appara- 
tus was shown at the 1935 Berlin Radio 
Exhibition.’ Thus the first cathode-ray 
film recordings were made during the 
period of late 1934 and shown publicly in 
1935. However, this new intermediate- 
film receiving system was not successful 
and was not shown at the annual radio 
exhibition in 1936. 


The Visiogram. In England there also 
were interesting attempts made to record 
television images. A machine 
called the “Visiogram’’ was developed 
by Edison Bell Ltd. in 1934. Motion- 
picture film was used, with the tele- 
vision signals being recorded thereon by 
the variable-density method familiar in 
sound techniques. The 
was not converted into the usual light 
values of the scene itself but into a modu- 
lated “sound” track of the image. By 
means of a simple attachment the film 
signals were to be translated back into a 
visual image in an ordinary television 
receiver. In a demonstration given to 
the press the results were extremely 
poor.” Both  intermediate-film 
mitters and receivers were studied in the 
laboratories of Fernseh A.G. in 1937; 
the intermediate-film receiver method 
disappeared in Europe after 1937, It 
was revived after World War II when one 
of the major American motion-picture 
companies turned to it as one solution to 
the large-screen television problem. It 
was to be many years before it would be 
possible to project an image as large or 
as bright with a cathode-ray projector 
as with the intermediate-film receiving 
process, 


novel 


video signal 


trans- 


Early Film Recording 
in the United States 


In 1938 the first attempts were made 
in the United States to record on film the 
screen of a cathode-ray picture tube. 
These early efforts used standard silent, 
16mm, spring-wound cameras operating 
at 16 frames/sec. With the low light 
intensity of the monitor screen, it was 
necessary to use the fastest film emulsion 
then available. 

Since the cameras were nonsynchro- 
nous with the 30-frame rate of the 
television screen, the film recordings 
were marred by the appearance of 
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banding or horizontal lines (shutter bar) 
of over and under exposure caused by the 
uneven matching of the odd and even 
fields recorded on each frame of film. 

The film was then recorded at 15 
frames/sec which succeeded in elimi- 
nating banding but was successful in 
recording only every other frame of the 
television 30-frame picture. 

It became obvious that if commercial 
use was to be made of television film 
recordings in the United States, the 30- 
frame television picture would have to 
be recorded on film at 24 frames/sec to 
conform with the speed of standard 
l6mm sound film, thereby permitting 
projection of the film either in a con- 
ventional sound projector for direct 
viewing, or by a standard projector for 
rebroadcasting by television. Develop- 
ment of a suitable commercial television 
recording camera was to continue for the 
next ten years before a practical system 
was perfected. 


Recording of Airborne Television Trans- 
micsions. Although commercial television 
started in the United States in 1939 there 
was no further development in tele- 
vision film recording until the middle of 
World War II. Experiments with air- 
borne television equipment such as 
“Project Ring” and the “Block” system 
were carried out. With the develop- 
ment of “Block” and “Ring” equip- 
ment, it became necessary to make 
permanent records of the transmissions 
of this apparatus. Motion-picture film 
cameras were used to record the tele- 
vision images sent by these developments 
from aircraft and guided missiles. Film 
cameras were installed on television re- 
ceivers on the ground and in other air- 
craft. One of these early motion- 
picture cameras was a standard Air Force 
camera with a speed control to adjust the 
shutter to about 8 frames/sec, Speeds 
as low as 4 frames/sec were available 
The recorded pictures were very poor due 
to the different standards of the trans- 
missions, the low light intensities of the 
recording monitors, and to the many 
steps involved in the photographic 
processes, Shutter banding was notice- 
able in the film but did not destroy its 
value as a record. Further work was 
done with a Cine Special camera at 15 
frames/sec with a 170° open shutter." 

During the immediate postwar period 
there was created a new interest in the 
recording of television images. The 
U.S. Navy started a series of experiments 
with its airborne television equipment 
The first postwar black-and-white tele- 
vision film recordings were made on 
March 21, 1946, at the Naval Air 
Station at Anacostia, D.C. These were 
secured during a public demonstration of 
the Navy “Block” and “Ring” airborne 
television equipment. 
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Need for Commercial Film Recording. 
The rapid growth of the television in- 
dustry also necessitated the use of com- 
mercial film recordings. Television sta- 
tions in the United States were opening 
faster than the telephone company could 
lay coaxial cable or erect radio-relay 
stations. With many new stations com- 
mencing operation it became necessary 
to serve them with program material 
from the two great centers of production, 
New York and Hollywood. Therefore 
the television film recording or transcrip- 
tion filled this need for program material 


Paramount's Large Screen Method. The 
film recording became one of the prime 
methods for large-screen television also. 


Paramount Pictures chose the “inter- 
mediate-film” method of recording for 
their large-secreen television system 


Paramount selected this system over the 
other immediate cathode-ray methods for 
a variety of reasons. Some of these 
were: the opportunity for cutting and 
editing the program before presentation ; 
flexibility of programming around the 
regular film showing; and the use of 
regular 
usual high light values 

With these advantages in mind, 
Paramount developed an intermediate- 
film system which used 35mm film ex- 
clusively, It used a special 35mm single- 
system (both sound and picture recorded 
on the same film), recording camera built 
by the Akeley Camera Co. This camera 
was unique at the time in that it used an 
electronic shutter. It could be loaded 
with 12,000 ft of film which permitted 
recording of over two hours. A Cooke 
{/1.3 coated lens was used at normal 
aperture, {/2.3. Du Pont Type 228, 
fine-grain, master positive film or East- 
man 5302 film was used for recording 


projection equipment at the 


cither positive or negative pictures. 

The film was processed by high-speed 
developing machines, in approximately 
66 sec and was fed by a chute directly to 
a standard motion-picture projector.” 


The Eastman Television Recorder. In Jan- 
uary 1948 Eastman Kodak announced 
their new 16mm motion-picture camera 
for rerecording television programs on 
film. It had been developed in coopera- 
tion with NBC and the Allen B. Du 
Mont studios, It a 1200-ft 
magazine for continuous recording of a 
half-hour program, separate synchro- 
nous-motor drives for the shutter and 
film-transport mechanism an //1.6 2-in 
closed shutter. The 
degrees. Other 
features included a “bloop” light to 
provide registration with a sound-film 
recorder, a film loop-loss indicator, and 
appropriate footage indicators.” 


featured 


lens, and a 72° 


pulldown time was 57 


First Color-Television Recordings. The 
first color film recording was made on 
August 18, 1949, in Washington, D.C. 
The film camera used was the Navy's 


Berndt-Maurer with a 25mm //1.4 Cine 
Ektar lens. Daylight Type Kodachrome 
was used, Exposures were made at 15 
frames/sec synchronous, and at approxi- 
mately 8 and 4 frames using the hand 
crank. The results were quite promising, 
in that the exposures at 8 and 4 frames 
were both adequate. 

Other cameras were used and it was 
claimed that the “.. . first completely 
successful color recordings were made 
from a CBS Color Television receiver at 
the speed of 25 frames per second.”” On 
February 6, and 8, 1950, sound was 
recorded with the picture to make the 
first sound and picture color film record- 
ings 

The first color recording of the RCA 
“dot sequential” color television system 
was made at the RCA Silver Spring 
Laboratory on March 10, 1950. The ini- 
tial recording was made at 15 frames/sec 
with a 180° open shutter, the exposure 
time being one-thirtieth of a second. It 
was Claimed that all exposures were good 
and, “.. strangely enough, it was the 
consensus of opinion that the film record 
was superior in quality to the image on 
the color television receiver as viewed 
with the naked eye. This phenomenon 
may be partially explained by the fact 
that the recording camera liens was 
located on the axis of, and normal to, the 
image, whereas the 
observers were forced to view the image 
from an ‘off center’ position.” 

The last of the three experimental 
systems, the “line sequential” system of 
Color Television, Inc., San Francisco, 
was recorded from an RCA Receiver on 
March 16, 1950, for the first time. This 
was made at 15 frames/sec." 


color television 


Early Film Recording in Great Britain 
Similar progress in television film re- 
cording took place in England imme- 
diately after World War II. However, 
the need for recordings was different 
since there was only one television station 
in operation right after the war. The 
English realized that many topical events 
eceurred when tne majority of viewers 
were unable to see the direct transmission. 
Also they considered it a waste of time 
when recording topical or news events 
to have both newsreel cameramen and 
television cameras cover the same event. 
This is especially true when the televised 
event can be recorded and readied for 
broadcasting in such a short time com- 
pared with the regular filmed version. 
In addition the British had developed the 
habit of repeating dramatic programs a 
few days after the original performance. 
The use of television film recording 
allowed them to repeat a performance 
without added expense of cast and crew. 


1884-Line Recorder. The 1947 efforts of 
the British to record television programs 
on film were done along the same pattern 
as the Americans. They tried to use 


intermittent recording cameras with 
quick pulldown times. Here they faced 
a tremendous problem. They had to 
record a 25-frame television picture at 
24 frames/sec and the amount of pull- 
down time was about 12°, so they com- 
promised by recording only 50% of the 
television picture using the other 50% for 
pulldown time. These recordings were 
made on 35mm film but recorded only 
1884 lines of the British 405-line picture." 


16%-Frame Recorder. Later in 1947 they 
used another method of intermittent 
recording. A special shutter was de- 
signed which recorded for 240° and was 
closed for 120°. This produced a film 
recording that was nonstandard, being 
recorded at 16% frames/sec.'* This re- 
corder was also abandoned for a new 
one that used no intermittent mechanism 
at all. 


The Mechau 35mm Recorder. Early in 
1948 a 35mm continuous motion picture 
projector, the Mechau made by A.E.G. 
in Germany, was converted to a camera 
for continuous recording. It had a 
rotating mirror drum which for all 
practical purposes produced a stationary 
film frame. It used a form of optical 
compensation where as the drum rotated 
in syne with the film, the varying tilt 
of the mirrors made the reflected images 
of the television picture follow the 
film on its downward course. Thus 
the image was stationary in relation to 
the film. In this way a succession of 
images was formed on the film as it passed 
through the gate, the brilliance of 
each image rising from zero at the top 
of the gate, then increasing to a con- 
stant intensity over the central part of 
the gate and finally falling to zero at 
the bottom of the gate. This method 
eliminated any frame rate difference. 
This machine also eliminated the high 
rate of pulldown and the problem of the 
“picture splice” in the center of the frame 
common to the United States. There 
were no lines of the television picture lost 
in the recording process. It was claimed 
that this method could be used in the 
United States by blacking out a portion 
of the mirrors to avoid more than two 
fields being recorded on a single frame."’ 

Experiments with this equipment 
showed that the mirror drum was fully 
capable of providing correct optical com- 
pensation; however, the film transport 
mechanism did not attain the same high 
standard. Therefore the equipment was 
redesigned completely and three ma- 
chines of this new type were to be in- 
stalled in 1953 at the Lime Grove tele- 
vision studios.'* 


Application of “Spot Wobble.” In addi- 
tion, there was added an _ ingenious 
system of spot position modulation to 
eliminate the line structure that forms 
the television image. This was the 
application of a 10- to 15-mc modula- 
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tion to the scanning beam. This caused 
the electron beam to oscillate vertically 
as it swept across a line and thus spread 
out. This increased the effective height 
of the scanning spot without increasing 
its width. It was claimed that a gain in 
light output in the order of two to one 
was made possible by the application of 
the “spot wobble.’’!* 


Double Gate 16mm Recorder. While this 
continuous recorder was more than 
satisfactory with 35mm film, more 
economical methods of recording became 
desirable by 1950 and development 
was concentrated on 16mm film. Due 
mainly to the fact that no continuous 
motion mechanism had been developed 
for 16mm film it was decided to develop 
a new recorder using an intermittent 
movement. This new 16mm film re- 
corder had a double gate, that is, one 
gate above another, with an optical 
system capable of producing two images, 
identical in size, shape, and brightness at 
the normal 16mm frame spacing. A 
special pulldown mechanism was de- 
signed to work at 90°. 

A full frame with two fields was re- 
corded in the bottom aperture and then 
the second field of the first frame and 
the first field of the second frame 
recorded in the top aperture. The 
second field was lost and the film ad- 
vanced two frames in this period. This 
cycle was then repeated. This gave an 
average film speed of 25 frames/sec. 
This recording camera gave good general 
definition with excellent interlacing. 
Movement was satisfactory although 
some jerkiness could be detected, espe- 
cially on pan shots,” 


Continuous Recording. In addition to the 
continuous mirror drum system and in- 
termittent methods using either one or 
two gates there is a third method for 
recording television images on film. 
This was actually the oldest system of all 
as it was the basis of Fernseh’s “‘inter- 
mediate-film receiver of the early 1930’s. 
With the use of short decay and buildup 
phosphors, it was possible to make 
continuous recordings of television im- 
ages from a cathode-ray picture tube, for 
example, merely by using the film motion 
as the vertical sweep and allowing it to 
spread a complete record of each frame 
of the television picture along the length 
of the film. There were no complica- 
tions due to the difference in frame fre- 
quency and shutter frequency since there 
was no shutter used on the camera. This 
method is used in the present day “Ultra- 
fax’’ facsimile recording apparatus.” 


Magnetic Television Recording 

Another advance in television record- 
ing was made on November 11, 1951, 
when the Electronic Division of Bing 
Crosby Enterprises gave its first demon- 
stration of a video tape recorder in black- 
and-white.” The advantages of record- 


ing video signals on magnetic tape are 
many. 

1. There is no lens system necessary, as 
there is in the film-recording camera 
Thus all optical losses are eliminated. 

2. The signals are recorded as elec- 
trical waveforms and not as visible images 
from the face of a cathode-ray monitor 
tube with its possible distortions and 
limitations. 

3. There are no problems of pulldown 
time or frame-rate conversion. 

4. There are no developing processes, 
and so losses due to chemical action and 
image transfer are avoided. 

5. The video tape recording can be 
played back immediately. 

6. Magnetic tape is cheaper than 
processed motion-picture film and can 
be used over many times if necessary. 

7. It will eventually allow full color, 
stereoscopic pictures with stereophonic 
sound to be recorded on one strip of 
magnetic tape. 

However, the recording of a video 
signal on magnetic tape presents many 
unique problems. Since the signal can- 
not be spread horizontally as it can in 
film recording, it must be spread along 
the length of the tape. It is possible to 
record the signal by use of special record- 
ing heads capable of responding to a 3- 
or 4-me signal. Or the signal may be 
divided among a series of heads for re- 
cording. In either case the tape must 
be run many times faster than sound 
recording speed. The problem is also 
complicated by the fact that the tape 
must run at an absolute constant rate of 
speed. In addition, it must be remem- 
bered that the television signal consists 
of other necessary information such as 
synchronizing pulses. Finally, the tape 
must be played back on the same stand- 
ard of definition (number of lines and 
frames/sec, etc.) as it was recorded. 

A multiple-track method was chosen 
by the Electronics Division of Bing 
Crosby Enterprises for their first video 
tape recorder™ This apparatus used 
twelve recording heads. Ten were used 
to record the video signal, the eleventh 
was for a synchronizing track, and the 
twelfth was for recording audio, By 
combining an ingenious method of 
sampling each head in a stroboscopic 
manner with a unique switching device, 
an alternating signal was recorded on 
each track, with both positive and nega- 
tive halves representing bits of picture 
information up to 1.69 me for the whole 
group of ten heads. Early models 
of this apparatus used 1-in. brown oxide 
tape although later models use either one 
}- or 3-in. tape. The tape ran at a speed 
of 100 ips. The recorder accommo- 
dated reels for 16 min of recording 

The October 2, 1952, demonstration 
of this video tape recorder proved that 
this process merited attention. The 
picture had the following good features 


1. The gray scale was outstandingly 
good, 

2. The picture was sharp and clear. 
However, the following faults were 
apparent: 

1. A diagonal pattern was always 
prominent. 

2. Considerable flicker was noticeable 

3. Under certain conditions a series of 
ghosts was noticeable.™ 

Later developments by the Crosby 
Organization have resulted in highly 
improved definition of the picture and 
elimination of most of the previous 
deficiencies. The number of tracks re- 
quired has been greatly reduced for 
black-and-white recording, thereby mak- 
ing the system more easily adaptable to 
color rec ording. 


The RCA Video Tape Recorder. The 
Radio Corporation of America on 
December 1, 1953, demonstrated at the 
David Sarnoff Research Center a video 
tape recorder on both monochrome and 
color. It proved that the recording of 
images in color was as easily accom- 
plished as in black-and-white. The 
recorder used paper thin plastic tape 
running at 30 fps. The reels were 17 
in. in diameter and would record some 
four minutes of a program, RCA had 
achieved the recording of a 3-me signal 
through the use of specially designed 
recording and reproducing heads which 
responded to frequencies much higher 
than the cutoff point for heads used in 
sound recording.*® 

The black-and-white programs were 
recorded on 4-in, tape, using two tracks, 
one for the picture and synchronizing 
signal, and the other for the sound 
portion, The color program was re- 
corded on }-in, tape, using five tracks 
Three tracks were for the colors, red, 
blue and green, one was for the syn- 
chronizing signals and the last was for 
the audio portion. The playback of the 
color recording showed only a slight loss 
in definition, mostly in excess light 
values. There was a slight smearing, 
streaking and halo effect, as well as a 
high-frequency noise level hiss, Occa- 
sionally there was some jitter due to 
nonuniform speed control. However, 
the demonstration was considered to be 
an overwhelming success. 

It is expected that these problems 
will be overcome and that video tape 
recording will emerge from the labora- 
tory capable of reproducing pictures 
indistinguishable from the original “live” 
pickup. It is expected that this process 
will supplement if not supplant the film 
or visual recording. 


The Electronic Motion Picture 


A whole new field of television film 
recording is being introduced by the 
development of a completely new elec- 
tronic picture recording system by 
High Definition Films Ltd., in London, 
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which has a new concept of producing 
high-quality motion pictures, utilizing 
electronic (television) cameras and ad- 
vanced film recording techniques. 


High Definition Films Lid. Norman 
Collins and T. C. Macnamara have 
carefully pointed out the limitations of 
ordinary film-making procedures while 
indicating the advantages of using the 
electronic camera.™ Avoiding ordinary 
television 
they are not bothered by such items as 
1 restricted bandwidth, limited contrast 
range and tonal gradation, and the 
necessity for mixing in synchronizing 
signals, The whole apparatus is operated 
on closed-circuit under virtually labora- 
tory conditions, 


broadcasting requirements, 


In the development of this equipment, 
it was decided to equal the standards of 
present 35mm motion-picture filming. 
This was accepted as some 30 to 40 
lines/mm resolution. To equal this 
definition a 24-frame picture would 
have to have 992 lines with a bandwidth 
of 15.75 me/sec. This may be in- 
creased to 1300 lines if necessary. 
However, it was felt that it would not be 
necessary to go much above a thousand 
lines to equal today’s 35mm film stand- 
ards. 

The line scanning is sequential. It 
is known that interlacing is not needed 
for pure film recording purposes, Inter- 
lacing’s main advantage of eliminating 
flicker while conserving available band- 
width does not overcome some of its 
more serious faults, These include 
“line-pairing,” “line-crawl,” and move- 
ment blur. Since in this system, the 
picture signals are kept separate from 
the synchronizing signal, the line fre- 
quency does not have to be related to 
the frame frequency. This simplifies 
the pulse generating apparatus and also 
enables the number of lines to be varied 
to suit the resolving power of the type 
of pickup tube selected. 

When recording television images on 
film, any apparent flicker will be elimi- 
uated by the film projector due to its 
interruption of the light source two or 
three times during a frame. However, 
it was expected that monitoring would 
be difficult, but that the 24-frame flicker 
could be reduced by using cathode-ray 
screens having long delay times. 

The recording unit is of the inter- 
mittent type. While it was felt that 
continuous motion was exceedingly at- 
tractive from many points of view the 
accuracy of registration which could be 
realized at the present state of develop- 
ment was insufficient for reeording 
picture of the high definition required. 
In 1952 a standard film camera with a 
70° pulldown was being used. The 
lens was also a standard motion-picture 


75mm type operated at full aperture of 
j/2. Recording was on a slow, fine- 
grain sound recording stock. 

Refinements of the High-Definition 
system were made and it was presented 
with the following features in 1954.” 

1. The cameras in England were the 
Pye Radio type using the Pye Photicon 
image iconoscope pickup tube, Cameras 
for use in the United States and Canada 
were the General Precision Laboratory 
type using the 5826 image orthicon 
pickup tube. 

2. The cameras used sequential scan- 
ning of either 625 or 834 lines per frame 
at 24 frames/sec. 

3. The chain is essentially closed 
circuit with a bandwidth of 12 mc. 

4. The picture and synchronizing 
signals are never mixed and a new 
method of signal control has been 
devised. 

5. A special “staircase” signal is 
present on all picture monitors in the 
form of a step wedge. Its presence 
allows accurate adjustment of the signal 
amplitude and lift. 

6. On the recording monitor two 
photocells are used for measuring bright- 
ness of the first and tenth suppression 
steps on the kinescope tube face. The 
monitor tube is a special HDF/Cintel 
tube with a 9-in. diameter flat screen, 
free from granularity, and aluminum 
backed. It presents a 3 X 4 in. picture. 

7. The High Definition system em- 
ploys a spot wobble oscillator to elimi- 
nate line structure. 

8. There are two recording channels 
using HDF/Moy 35mm film cameras. 
These cameras have a specially designed 
20° pulldown mechanism with a special 
film accelerator. 

9. This system is designed to use any 
kind of sound recording method. 

High Definition Films has acquired 
studios in London and was producing 
demonstration films by this process 
early in 1954. 

Television recording has come a long 
way from Baird’s crude grammophone 
recordings to today’s high-definition 
film recordings. The television recording 
has an important place in the com- 
mercial television industry. It promises 
to play an even more important role in 
the motion-picture industry of tomorrow. 
The electronic motion picture using 
neither film cameras nor motion-picture 
film is an actuality. The television 
camera and the magnetic video recorder 
will allow the motion picture a_per- 
fection and flexibility that has never 
before been attained. 
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Stereography and the Transmission 
of Images 


In this paper a given theory of the perception of visual stimuli is used as a basis 
for investigating the principles of stereoscopic cinematography. Part I states the 
vision theory selected and expresses this theory mathematically in a manner 
applicable to the 3-D spectator. Part II uses this vision theory to develop formulas 
for filming the scene. Part III applies these formulas to the mechanics of filming. 
In Part IV accuracy considerations are investigated for the entire transmission 


chain from scene to screen. 


i. ANALYZING stereoscopic cinematog- 
raphy with respect to the transmission 
of the visual image, it should be under- 
stood from the outset that a precise 
analysis is impossible with our present 
limited state of knowledge. One diffi- 
culty lies in the fact that the image, in 
its transmission from a light stimulus in 
the physical world to a perception in the 
mind of the spectator in the theater, is 
transformed several times, and some of 
these transformations defy a coordination 
to numbers. For this reason resort has 
been made to two types of treatment: an 
analytical one for those stations where 
the transmission of the image can be 
defined mathematically, and an empiri- 
cal treatment for the remaining stations. 

The difficulty of analyzing the 3-D film 
is further compounded by the fact that 
perception is partly a function of the 
psychological condition of the spectator, 
a condition which varies not only among 
spectators but also in a single spectator at 
different times. Since it is impossible to 
account for each variation in perception, 
the manner of transmitting the 3-D film 
can concern itself only with the average 
spectator. In the general case, therefore, 
the perception of the scene in the theater 
can only be an approximation of the 
perception which would have resulted 
had the spectator viewed the original 
scene, 


I. VISUAL TRANSMISSION 


In order to transform the object in the 
scene to an image in the theater, a co- 
ordinate system at the camera must be 
related to a second one in the theater. 
Since the problem is basically that of 
transforming the Euclidean space mani- 
fold into a visual space manifold, the 
particular method of coordinating the 
two manifolds will depend on the manner 
in which depth is perceived. A choice of 
one of the principle theories of stereo- 
scopic vision must be made since there 
exists no generally accepted theory. 
Charnwood lists the three principle 
theories as outlined by Tschermak :! 


A contribution originally submitted September 
24, 1953, and in revised form on September 27, 
1954, by Edward Levonian, 1533 Fourth Ave., 
Los Angeles 19. 


(1) Projection theories, which place 
the sensed image at the intersection of 
the two optic paths through the centers of 
the eyes. 

(2) Oculo-motor theories, which relate 
the placement of the sensed image to the 
proprioception of the extraocular mus- 
cles. 

(3) Local sign theories, which accord 
to visual elements, both at the retina and 
at higher centers, functional 
values. 


Space 


Selection of a Vision Theory 


Of the three principle theories stated 
above, one must be selected to be used as 
a basis for the development of the 
formulas of transmission. 

The first theory, the projection theory, 
bases its validity on the premise that the 
angle of the optic path to an object 
stimulus determines the localization of 
the object. Examples can be given which 
indicate the limitations of attempting to 
determine apparent location by means of 
geometric methods only. For instance, it 
is known that the composite 3-D image 
does not always appear at the inter- 
section of the two optic paths through the 
point pairs on the screen, Furthermore, a 
slanted line in the absence of other clues 
can eventually appear horizontal, in 
spite of the fact that the angle of the 
optic path remains constant, and in fact, 
if a truly horizontal line is then intro- 
duced, it will appear slanted.” 

The second theory, the oculo-motor 
theory, relies on the information obtained 
from movements of the 
muscles, These muscles are constantly in 
motion even when the spectator is 
fixating a point, a condition known as 
physiological nystagmus, and this move- 
ment is independent for each eye.’ 
Nevertheless the point appears stationary 
in spite of the fact that the amount of this 
erratic eye movement is much greater 
than that necessary to localize separately 
two nearby points in space.* Furthermore 
one cannot dismiss this evidence of the 
lack of absolute information relayed to 
the mind by the proprioception of the 
extraocular muscles by assuming that 
only willful innervation of the muscles has 
an effect on depth perception. Langlands 
has found that a sense of depth occurs 


extraocular 


By EDWARD LEVONIAN 


even though the duration of the stimulus 
is less than 0.01 sec. Since the reaction 
time of the extraocular muscles is in the 
order of 0.1 sec, proprioception of the 
muscles must certainly have been absent. 

The foregoing arguments imply that 
neither the angle subtended by an object 
in front of the camera nor the position of 
the object with respect to the camera can 
be used as a basis for transposing the 
object to its approximate equivalence 
in the theater. That neither form not 
localization uniquely determines per- 
ception is revealed by the work of Lune- 
burg and Ames at the Dartmouth Eye 
Institute.‘ Their research concludes that 
differing space patterns viewed binocu- 
larly can be perceived as congruent to 
each other. Likewise, examples of differ- 
ing interpretations by one or several 
observers of a single stimulus are so 
common that it seems unnecessary to 
labor the point. Yet to deny the existence 
of any sort of relationship between stimuli 
and perception is to ignore common ex- 
perience. 

The third vision theory, that of local 
signs, attempts to account for variations 
in perception by relating only certain 
aspects of visual stimuli to visual sensa- 
tions. This paper is based on this theory 
in general and on the hypothesis of 
Luneburg in particular. This hypothesis 
states that the assignment of apparent 
size to an elemental line is a primitive 
sensation. The proof of this hypothesis is 
beyond the scope of this paper, and 
reliance is placed on the reader’s accept- 
ance of Luneburg’s monograph.‘ 

It should be understood that the hy- 
pothesis makes no claim of uniquely de- 
termining preception. Since the visual 
manifold contains objects of finite size, 
individual integration of elemental lines 
to yield finite objects results in an addi- 
tional constant which 
individuals, Thus Luneburg’s hypothesis 
relates only one aspect of visual sensation 
to the physical world. To transform this 
sensation into a perception in the theater 
necessitates empirical considerations 
Such considerations have already been 
treated by Hill.® 


varies among 


Luneburg’s Hypothesis and 
the Spectator 


Luneburg’s hypothesis, namely that 
the comparison of small line elements 
yields an extra-psychological sensation, 
will now be employed in conjunction 
with an approximation which will 
simplify the mathematics involved, Lune- 
burg states that visual sensations cannot 
be represented in general by a Euclidean 
coordination, for if, as he has intended to 
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Fig. 1. Coordinate system at the scene. 


prove, visual sensations comply with the 
geometry of constant curvature, no 
isometric mapping of the non-Euclidean 
geometry of visual sensations is possible 
in a Euclidean coordination. Neverthe- 
less Luneburg shows that when the con- 
vergence angle of the eyes is small, as 
it is in viewing 3-D films, the visual world 
can be approximated by the Euclidean 
manifold, This approximation is used in 
the following development, 

It is now desirable to express mathe- 
matically the conditions 
an extra-psychological 


necessary to 
guarantee that 
sensation of the image of an elemental 
theater will be 
identical to the sensation which would 


line stimulus in the 


have occurred if the spectator had viewed 
from the camera position the actual 
elemental line in the original scene. ‘To 
achieve this it is necessary to define co- 
ordinate systems at the scene and in the 
theater. 

In Fig. 1, the origin of a rectangular 
coordinate system is attached to a specta- 
tor who is viewing the scene from the 
camera position, The system is oriented 
such that the y-axis passes through the 
effective nodal points of the eyes, while 
the x-axis lies in the median plane. 
[his orientation corresponds to the y-axis 
passing through the effective nodal points 
of a bicentric recording device (a pair of 


cameras is one example), and the z-axis 
being normal to the effective film plane. 
Thus the spectator at the scene is oriented 
with the camera, The eyes are sym- 
metrically located about the origin, and 
the semi-interocular is denoted by ¢/2. 
The line elements (dx;, dz,) are 
attached to the general point P, located 
at (x), y), 2). The angle of elevation of a 
plane through P, and the y-axis with 
respect to the x-y plane is denoted by w), 
while the angles in the x-y plane made 
by the x-axis and the optic paths from 
each eye (or lens) to P, are signified by 
6 and 6,’. The subscripts 1 refer to the 
original scene, while the subscripts 2 
refer to the scene in the theater. 

The coordinate system in the theater 
is also attached to the spectator and 
oriented in such a way that the x-axis 
connects the Cyclopean eye with the 
center of the screen. Thus the coordinate 
system is aligned with the normal posi- 
tion of the spectator. The original point 
P, and the original differentials (dx,, 
dy,, dz,) are represented in the theater by 
P» (x2, and (dxs, dys, As be- 
fore, the angles of elevation and latitude 
are denoted by we, @ and 62’ respectively. 


4 


Fig. 2. Filming diagram. 


Luneburg’s hypothesis states that if the 
original differentials, characterized by 
(dw), d@,"), and the theater differ- 
entials, characterized by (dws, d62’), 
are related such that 

dw; = dw: 


dé; dé, 
dé,’ dé," 


(1.1) 


then the spectator in the theater will en- 
joy a sensation of the line element equiv- 
alent to the sensation which would have 
occurred had the spectator viewed the 
original scene. 

A simplification of the mathematics in 
the next Part can be achieved by re- 
stricting the discussion to points in the 
x-y plane. Later in Part IV the signifi- 
cance of points other than in the x-y 
plane will be investigated. 


Il. STEREOGRAPHIC TRANSMISSION 


The conditions for visual equivalence 
of scene to theater have been outlined 
in Part I. It is the purpose of Part II to 
express these conditions in terms of the 
geometry of transmission of the visual 
image from scene to screen. This requires 
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that (1.1) be expressed in terms of stand- 
ard nomenclature used in 
picture work, 


motion- 


Assumptions 


The following assumptions will be 
made: 

(1) A bicentric transmission system is 
assumed without implying the necessity 
of two separate cameras, projectors or 
films. However two conventional cameras 
and projectors will serve as a basis for 
discussion, though the results obtained 
are not restricted to this specialized form 
of a rectilinear bicentric system. 

(2) The filming, projecting and view- 
ing systems used are those of Figs. 2, 3, 
and 4 respectively. 

(3) The left camera records the left 
aspect, which in turn is projected by the 
left projector. 

(4) The cameras operate at essentially 
the same elevation angle, w. 

(5) The films are normal to the optic 
paths of the cameras and projectors. 

(6) The optic paths of the projectors 

are essentially normal to the screen and 
converge at the center of the screen. 
(7) The filming and projecting dis- 
tances are large enough so that the lens- 
film distances can be represented by the 
focal lengths of the lenses. 

(8) Some form of discrimination exists 
such that the left eye of the spectator 
sees only the left aspect. (The polarizing 
filter system is only one method of achiev- 
ing this discrimination.) 

(9) Viewing conditions apply only to 
those spectators seated down the center- 
line of the theater, 

The following symbols will be used: 


half angle of convergence of cameras 
half angle of convergence of projectors 
human interocular 
camera interaxial 
camera-lens focal length 
magnification, the ratio of screen 
width to film width 
enlargement, the linear alteration in 
image size between camera and pro- 
jector films 
screen distance, the distance from 
spectator to center of screen 
distance from camera to object plane 
distance from spectator to image plane 
distance from median plane of cameras 
to object 
distance from median plane of spec- 
tator to image 
w, effective camera film width 
h. effective camera film height 
Subscripts, and , will refer to camera 
or projector, 


Theoretical Filming Formulas 


The following filming formulas for 
camera interaxial and convergence are 
obtained by combining the conditions for 
visual equivalence given in (1.1) with 
the geometry of transmission of the 
image 

The geometry of transmission is most 
readily seen by referring to Figs. 2, 3 and 
4. It is seen that when the original point, 
P,, is filmed and then later projected, it 


Levonian: 


appears as a pair of points (called ho- 
mologous points or a point pair) on the 
screen, The geometric or projected loca- 
tion of the composite point is then placed 
at P,. It cannot be too strongly em- 
phasized that the composite point will 
not necessarily appear at (x2, ye), for the 
apparent location is a function of psycho- 
physiological factors not shown in Figs. 
2, 3 and 4, This apparent location will be 
considered later, 

The geometric distances in the theater 
are readily obtainable by applying simple 
geometric considerations to Figs. 2, 3 and 
4. Thus®: 


es 
xX. = (2.1) 


e+ MEL 
Xi 


2 tan ) 


2.2) 

The limitations of the projection theory 
of vision have already been noted, and 
the above formulas, which give the loca- 
tion of the composite image according to 
the projection theory, reveal even further 
limitations of attempts to apply this 
theory to 3-D. Adherents of the projection 
theory of vision attempt to achieve a 
geometric equivalence of the image in 
the theater to the original scene. How- 
ever, Eqs. (2.1) and (2.2) reveal that a 
bicentric transmitting system cannot re- 
produce geometrically even a_ single 
general point. It is seen that x» is a func- 
tion of x; only, whereas y, is a func- 
tion of both x, and y,;. Thus geo- 
metric equivalence of scene to theater 
can only be obtained for those points 
where y = 0, that is, for points limited 
to the center of the screen. For other 
points in the x-y plane x2/x; must equal 
y2/¥1, Which can be met only ifs = MEf,. 
In practice this condition cannot be met 
because s, the spectator-screen distance, 
is determined by the spectator himself. 
Also, whereas f, may change from scene 
to scene, 8 is constant 

Since camera interaxial and converg- 
ence must meet the conditions imposed 
by (1.1), (2.1) and (2.2), the filming 
formulas are obtained by combining 
these three expressions. By so doing, and 
by assuming that the rate of growth of 
the projected image to the original 
object must be the same for both eyes, 
the following theoretical filming formulas 
are obtained®: 

cs 


= 
™ (2.3) 


tang = (2.4) 
where e¢, is the interaxial and @ the angle 
of convergence of either camera. 

If camera interaxial and convergence 
are those given by (2.3) and (2.4), and 
if the projectors converge at the center of 
the screen, the visual sensation of an 
elemental line in the x-y theater plane 
cannot be discriminated from its original 
stimulus counterpart if the spectator had 


viewed the original stimulus from the 
camera position, However, objects are 
perceived as integrated shapes, not in- 
finitesimal line elements, so that it cannot 
be assumed that the application of (2.3) 
and (2.4) will guarantee an equivalence 
of shape from the scene to the theater. 
Furthermore, practical considerations 
require a modification of the theoretical 
filming formulas; these considerations 
will be investigated in Part III, 


Apparent Location 

Before proceeding to the mechanics of 
filming, it is best to introduce first a 
simplifying concept, that of apparent 
location. The apparent location, denoted 
by A, is a measure of where the composite 
image point will actually appear to the 
centerline spectator irrespective of his 
distance from the screen. The use of the 
concept of apparent location allows the 
director and cameraman to place any 
arbitrary point P, in the original scene at 
any desired location in the theater. 

For this kind of control it is seen from 
(2.1) that the apparent location must be 
independent of s, the spectator’s distance 
from the screen, for this is the only quan- 
tity in (2.1) that is unknown at the time of 
filming. A second characteristic is in- 
corporated into A in order to give the 
apparent distance a truly perceptual 
quality. To do this it is simply necessary 
to relate the geometric distance of the 
image point as given by (2.1) to the 
apparent distance of the image point by 
the application of a psychophysiological 
factor, ¢. 

By definition then, 


(2.5) 
e + MEF. 2 tan 

In order to utilize the apparent loca- 
tion, A, it is necessary to determine 
values for the factor ¢. To achieve this by 
analytical methods is impractical be- 
cause of the large number of inter- 
dependent variables involved, A few of 
these variables are probably the specta- 
tor’s distance from the screen, his varia- 
tion of convergence from accommoda- 
tion, the geometric distance to P», the 
nature of the subject matter being 
viewed, the position of the subject matter 
on the screen, the placement of real or 
apparent borders or windows, and the 
psychological and physiological condi- 
tion of the spectator. 

It is apparent, therefore, that values 
for ¢ can be determined only by em- 
pirical methods. Fortunately such in- 
vestigations have been carried out by 
Hill,’ particularly for the more critical 
case of the close-up. Since ¢ involves so 
many variables, it will have to be deter- 
unusual 


mined empirically for each 


scene. 
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Fig. 5. Camera inter- 
axial graph. Use only 


with: M = 350; E = 2.1; 
0.2 ft. 
- xX rT.) 
Ill, THE MECHANICS OF will appear like the original scene. 
TRANSMISSION Second, camera interaxial and converg- 


The mechanics of transmission involve 
filming, printing and projecting. How- 
ever printing of 3-D films generally in- 
volves no special considerations except 
perhaps optical enlargement or reduc- 
tion, both of which are accounted for by 
the enlargement, EB. Likewise there is 
little variation possible in projecting, for 
it is standard practice to converge the 
optical paths of the projectors at the 
screen, The only real variations generally 
encountered in transmitting 3-D images 
are in camera interaxial and converg- 
ence, Therefore this section will concern 
itself only with the mechanics of filming. 
Later, in Part IV, the results of in- 
accuracies in printing and projecting, as 
well as in filming, will be investigated. 


Practical Filming Formulas 


In Part II the theoretical filming 
formulas (2.3) and (2.4) were developed, 
and it was pointed out that certain prac- 
tical considerations would necessarily 
modify those theoretical filming formulas. 
It would be desirable, for instance, to be 
able to place any plane in the original 
scene at any predetermined apparent 
location in the theater. From (2.5) it is 
seen that A can be effectively controlled 
only by camera interaxial and converg- 
ance, for ¢, the human interocular, is 
fixed, M and E, magnification and en- 
largement, are dictated by film size and 
screen size, {,, the focal length of the 
camera lens, is generally determined 
by the shot, and y, the psychophysio- 
logical factor, is obtained from empirical 
data. 

The determination of camera inter- 
axial and convergence is guided by two 
considerations. First, the less the inter- 
axial and convergence are changed from 
the theoretically correct values given by 
(2.3) and (2.4), the more the 3-D image 
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ence must remain within certain bounds 
if the separation of point pairs on the 
screen is not to exceed values limited by 
the restrictions imposed by the human 
visual apparatus. 

This second consideration requires 
that camera interaxial and convergence 
be expressed as a function of the separa- 
tion of point pairs in order to study the 
effect of filming practice on point pair 
separation. This separation, t, is seen 
from Fig. 4 to equal v — u, and can be 
shown’ to be given by 


t= - Mer, (* 2 tan (3.1) 
i 


where the geometric location of the com- 
posite image is behind the screen if t is 
positive. 

The maximum positive separation, 
tm, must be restricted or else the eyes 
of the spectator will diverge to an extent 
which will produce undesirable effects 
on the spectator.’ There is evidence to 
indicate that in viewing the 3-D film 
the eyes of the average spectator can 
diverge as much as one degree without 
creating undue strain.* By applying this 
result to a front row spectator, a value 
of t, is obtained. 

How t, influences camera interaxial 
and convergence separately is best seen 
by solving (3.1) and (2.5) simultaneously. 
Then, 


ec la 
Mi Xin 
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in which x,, is the distance to the farthest 
plane in the scene. 

Equations (3.2) and (3.3) allow the 
cameraman to make rapid settings of 


camera interaxial and convergence, 
while still allowing him to place any 
object in the scene at any apparent 
location in the theater. The correct 
values for camera interaxial and con- 
vergence can be obtained almost imme- 
diately from graphs, such as those of Figs. 
5 and 6. It should be noted that these 
graphs are shown only as examples and 
apply only to the specialized case of 16- 
mm filming with a 1-in. lens, enlarge- 
ment to 35mm, projection on a 24-ft 
screen (M = 350), and a conservative 
maximum separation of point pairs equal 
to the human interocular. 


Filming Procedure 


The following filming procedure allows 
independent placement of any plane in 
the scene, and, at the same time, results 
in a simple and rapid determination of 
camera settings: 

(1) Before the shooting begins, values 
of M and E are determined. If both film- 
ing and projection are done in 35mm, E 
is unity. 

(2) Distances to the principal object 
and to the far plane are measured. 

(3) The director decides on the even- 
tual apparent location of the principal 
object. The factor ¢ is then known for 
this viewing case from existing empirical 
data. 

(4) After the desired lens is selected for 
the shot, a graph, such as that of Fig. 5, 
is used to determine camera interaxial. 

(5) This value of camera interaxial is 
used in a second graph, such as Fig. 6, 
to determine camera convergence. 

This filming procedure supple- 
mented by three filming guides, which 
are obtained from an inspection of (3.2) 
and (3.3): 

(1) Whenever possible, the director’s 
choice of the apparent location of the 
principal object should approximate its 
actual location in the original scene with 
respect to an imaginary screen as far 
away from the camera as the theater 
screen is from the average spectator. 

(2) The most distant plane should be as 
far away from the camera as possible. 

(3) Ife, obtained from the graph is less 
than the value of camera interaxial given 
by (2.3), attempt to: 

a. increase the shooting distance ; 

b. decrease the focal length of the 
camera lens; 

c. decrease the apparent location. 


IV. THE ACCURACY OF 
TRANSMISSION 

Because of mechanical, optical and 
human limitations, errors or inaccuracies 
will occur during the transmission of the 
image from scene to screen. To determine 
the probable extent of such errors is the 
object of this section with a view toward 
discovering those critical factors in the 
transmission system which introduce 
excessive errors. Since the eventual 
purpose of investigating the inaccuracies 
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of wansmission is to determine whether 
such inaccuracies can be handled by the 
spectator without causing undesirable 
effects, it is necessary to describe these 
inaccuracies in a manner which can be 
related to pertinent information supplied 
by the field of physiological optics. 

Errors or inaccuracies in transmission 
are of two principle types: (1) inter- 
mittent inaccuracies, in which point 
pairs may exhibit excessive vibratory 
movement on the screen, resulting in 
fatigue to the spectator or even diplopia, 
and (2) steady inaccuracies, in which 
point pairs may be positioned incorrectly 
on the screen, resulting in either diplopia 
or in an apparent location of the com- 
posite image other than that intended. 
These two types of errors will now be 
investigated, first with regard to the 
horizontal plane and then with regard 
to the vertical plane. 


Intermittent Errors in 
the Horizontal Plane 


Intermittent errors or inaccuracies are 
due mainly to the lack of film registration 
in cameras, printers and projectors, and 
to vibration of equipment. Such in- 
accuracies result in intermittent move- 
ment of point pairs on the screen. This 
movement in the horizontal plane will 
be expressed as the variation in the con- 
vergence angie of the eyes, for physio- 
logical optics offers valuable information 
regarding the probable extent to which 
the spectator can adequately handle 
variations in this convergence angle.’ It 
should be noted that variations in the 
convergence angle may be simply a 
mathematical expedient, and it should 
not be assumed that the eyes necessarily 
follow the vibratory movement of point 
pairs on the screen. Nevertheless, even 
though the variation in the convergence 
angle is only geometrical, this variation 
will have physiological effects on the 
spec tator. 

The variation in the convergence 
angle, shown as a@ in Fig, 4, is expressed 
as the total derivative of a. It can be 
shown® that the convergence angle is 
given by 


a= 2tan™ X 


e 
| 2s 4s | f,, tan 0/, x) ave 
e 
/ 
fy 2 » (4.1) 


in which the additional subscripts r and 
| refer to right and left members of 
camera or projector pairs. This is necessi- 
tated by the fact that at the present there 
is no unified piece of equipment, and re- 
sort is usually made to two conventional 
cameras and projectors coupled to- 
together. For this reason errors in left 
members, such as the left projector, must 
be treated independently of errors in 
right members. 


~ 
\ 


TAN > 


Fig. 6. Camera con- 
vergence graph. Use 
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only with: M = 350; 
E = 2.1; f, = 0.083 ft; 


ta = e = 0.2 fe. 


The derivative of a can be greatly 
simplified by noting the following: 

(1) Although the convergence angle is 
a function of y,, the lateral displacement 
of the object in front of the camera, it 
can be shown that the variation in the 
convergence angle is a maximum for 
y: = O (center of the camera field and 
center of the screen).* Thus by confining 
the study of the convergence angle to the 
center of the screen, it will be known that 
acceptable variations of @ in this region 
will certainly be acceptable for the re- 
mainder of the field, 

(2) It can be assumed that no inter- 
mittent variations occur in the spectator- 
screen distance, the human interccular, 
the camera and projector interaxials, and 
focal lengths of all lenses. 

By utilizing the foregoing considera- 
tions, the variation in the convergence 
angle can be approximated by 


MEf£,[- 
da = [ d tan ¢, 


+ d tan 


+ — 2 tan +)/( dw, 
Mi Ew, 


filming 


dw.) printing (4.2) 
1 
+ — (cs — tan ) d tan 6, | pro- 
1 (Ing. 
ing 
ian 2s, tan tan 6, 


The terms are all additive due to the fact 
that the errors are independent of each 
other, and thus the maximum variation 
in the convergence angle could be the 
summative effect of the separate errors. 
The errors are divided into three parts: 
those that occur during filming, printing 
and projecting. The printing term should 
be repeated for each generation of print- 
ing. 

It should be noted that the intermittent 
variation of the convergence angle has 


been attributed only to the lack of film 


(FT) 


registration in cameras, printers and 
projectors. If any other factor con- 
tributes significantly during transmission 
to the intermittent movement of point 
pairs on the screen, these factors should 
be incorporated in (4,2). For instance, if 
significant vibration occurs during film- 
ing, such vibration should be expressed 
as a change in the camera convergence 
angle and added to d tan @. 

Later in this section Eq. (4.2) will be 
applied in an actual example in order to 
indicate the order of the inaccuracies 
involved. 


Steady Errors in the 
Horizontal Plane 

Mechanical, optical and human errors 
can also create a steady or constant in- 
accuracy of point pairs from their in- 
tended position on the screen, How long 
such a steady error will remain on the 
screen will depend on the cause, If it is 
due to an incorrect setting of the cameras, 
the error will last for at least the length 
of the shot; if the error is due to a mis- 
aligned projector, the error will probably 
last for the entire picture. 

Steady errors in the horizontal plane 
can cause the composite image to appear 
other than where the director intended. 
To investigate how the apparent location 
is affected by steady errors it is necessary 
to express the total derivative of A with 
respect to all its significant variables. It 
can be shown’ that the apparent location 
of any point in the x-y theater plane is 
given by Eq. (4.3) below, 

The total derivative of A can be simpli- 
fied by employing the following assump- 
tions: 

(1) The projectors are symmetrically 
located on either side of the median line 
normal to the screen. 

(2) One member of a pair (arbitrarily 
the left) is assumed to have the correct or 
calculated value, and any discrepancy 
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/ 2 Lf, tan 6, Xi 


between the members is attributed as an 
error in the right member. For instance, 
if the two camera lenses are not matched 
in focal lengths, it is assumed that the 
difference is an error in the right lens. 

By employing these assumptions, and 
denoting a change in the apparent loca- 
tion, as well as the steady errors in trans- 
mission, by increments in order to dis- 
tinguish them from intermittent errors, 
the equation for the effect of steady errors 
in the horizontal plane can be approxi- 
mated by 


e, 
A 
¥e x," 
» 
+ (¢0/2) tan 
x1 filming 
Ae, 
+ A tan @, 
+ ~ 2 tan Aw, 
xy Ew, 
1 / 
+ aw.) printing 
Ww, \ 


+ tan Af,, 


1 (e,/2) 
tan @ x) 


projecting 
+ tan ) A tan 6, 


(4.4) 


=. 
4 


As with the horizontal intermittent 
errors, the expression for the horizontal 
steady errors can be divided broadly into 
the three stations of transmission where 
introduced, If 
shrinkage occurs in one aspect and not in 
the other, such shrinkage is best ac- 
counted for in the printing term as a 
difference in film width. Differential 
shrinkage of film length is considered 
under steady errors in the vertical plane. 
Since all the contributing factors are 
independent, the maximum total error 


most inaccuracies are 


could be the summative effect of the 
individual errors. However the correct 
mathematical signs have been retained in 
front of the terms involving camera and 
projector lenses in order to emphasize 
the argument which now follows 

An inspection of (4.4) reveals that a 
disparity in focal lengths of lens pairs 
(the right camera lens being longer than 
the left, for instance) creates an error in 
apparent location which is a function of 
yi, the lateral position of the object in 
front of the camera, If focal length 
disparity does 
measures are not employed, a plane in 


occur and = corrective 


tan ( = e,/2 
ta 


pe 


+ tan | 


(4.3) 


the physical world is transmitted as a 
curved surface in the theater. Since y; 
can be of the same order of magnitude as 
%;, the error in A can be shown to be 
significant, particularly at the sides of the 
screen. 

Fortunately it is possible to compensate 
partially for differences in focal length 
of camera and projector lens pairs. It 
can be seen from (4.4) that if the longer 
lens is kept on the same side (say the 
left) in both filming and projecting, the 
errors due to focal length disparity tend 
to cancel, 

Equation (4.4) further reveals the 
possibility of a simplified uniconvergent 
filming system in which the total filming 
convergence is invested in only one of 
the two cameras. If it is assumed that 
the left camera has a fixed convergence, 
it can be shown that (4.3) can be ap- 
proximated by® 


A = (4.5) 
e + MEF, tan +’) 
xi 


where ¢,’ is the right camera con- 
vergence in a uniconvergent system. 


If ¢,’ = 2, which for the small angles 
being considered approximates to tan 
o,’ = 2 tan @, then it is noted that 


(4.5) can be approximated by (2.5). 

It is concluded, then, that a system 
employing a nonconverging left camera 
will yield results which are similar to 
those of a system in which both cameras 
converge symmetrically as long as the 
convergence of the right camera in the 
uniconvergent system is twice the con- 
vergence of either camera in the bi- 
convergent system. 

The possibility of employing the uni- 
convergent system is mentioned because 
of the several advantages of such a 
system. Some of these advantages are: 
(1) the convergence of only one camera 
lends itself to mechanical simplicity; 
(2) the error created by A tan @ is 
eliminated; and (3) for camera mounts 
which employ a rotating mirror to effect 
camera convergence, the angle through 
which the mirror is rotated, is that 
read directly from a graph similar to 
Fig. 6. This last point results from the 
fact that the angular change in the 
reflected light is twice that of the me- 
chanical angular displacement of the 
mirror. 


An Example of Horizontal Errors 


So far in this section two formulas 
have been set forth which relate me- 
chanical, optical and human errors to 
quantities which have visual significance, 
namely formulas (4.2) and (4.4). The 
following example is intended to indi- 
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cate the magnitude of the horizontal 
errors involved. The values obtained 
can then be interpreted according to 
information supplied by the field of 
physiological optics and a_ prediction 
made of whether the magnitude of the 
errors involved is visually acceptable. 

The values selected for this example 
are obtained from experience and from 
manufacturers’ data. The values used 
are indicative only of the order of 
magnitude, and should not be interpreted 
as the exact values which might occur 
in an actual case. This same example 
with the same values will be used again 
in this section when a study is made 
later of the effect of errors in the vertical 
plane. 

The example chosen is one in which 
the number of errors, their direction 
and their magnitude are all at a probable 
maximum, so that if acceptable results 
obtain in this case, they certainly will 
in less demanding cases. The examp'e 
involves the filming of a documentary 
field scene by a single operator. The 
requirement of light equipment pre- 
cludes the use of cameras with registra- 
tion pins. Therefore two light, spring- 
loaded cameras are selected in order 
that the total weight of the equipment, 
including cameras, films, a base on 
which to mount the cameras, and tripod, 
does not exceed 60 Ib. The original film 
is enlarged in an optical printer, and 
this 35mm master is used to contact 
print the release prints. Projection is on 
a 24-ft screen. 

The actual computation of the errors 
involved is shown elsewhere,® but the 
values used and a summary of the errors 
computed are given in Table J. All 
lengths are given in feet. The longer 
lens of lens pairs has been kept on the 
left. The value of y; used was selected 
to yield the greatest possible error, an 
error which corresponds to a point at 
the edge of the screen. 

When the values summarized in 
Table I are substituted in (4.2), the 
intermittent variation in con- 
vergence angle of the eyes is: 
da = 0.00082 right camera 

0.00082 left camera 

0.000006 optical printer 
0.000003 contact printer 
0 000028 right projector | 
0 000028 left projector 


pfilming 


-~ 


00173 radians, or about 6’ of arc 


It has been indicated that even with 
an intermittent error of this magnitude 
point pairs will be fused and the com- 
posite image will appear steady.’ How- 
ever there is no guarantee that the 
spectator will not exhibit some other 
undesired effect, such as fatigue; ex- 
perimentation in the theater wiil best 
determine such possibilities. 

When the values summarized in Table 
I are substituted in (4.4), the steady 
error in apparent location becomes: 
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= 0.0306 subject distance 
+0.1010 camera lens 
focal length 
0 0366 camera 
axial 


filming 
0.0128 camera con- | 
vergence 
0.0163 optical printer 
—0.1010 projector lens { printing 
focal length 
0.1010 projector con- 
vergence | 
0326 human interoc- } projecting 
ular | 


~ 


0495 psychophysio- 

logical factor 
0.2794 
The correct signs for the errors due to 
disparities of lens pairs are shown for 
the condition that longer lenses are kept 
on the left. 

It is seen that even for this example 
in which errors in all the nine principle 
factors contributing toward a steady error 
in the horizontal position of point pairs 
are at a maximum and additive (a 
highly improbable occurrence), the tota! 
error in apparent location of the com- 
posite image is only about one-fourth 
the spectator-screen distance, hardly 
excessive for such a rigorous transmission 
case. 


Intermittent Errors in the 
Vertical Plane 

So far in this section consideration 
has been given only to the accuracy of 
transmission in the x-y plane. However 
the limitations of human vision demand 
that the inaccuracies of transmission 
should also be restricted in the vertical 
plane. Such inaccuracies can create 
intermittent and steady vertical dis- 
parities of point pairs, the steady errors 
being discussed later. Intermittent ver- 
tical movement of point pairs can create 
fatigue and even diplopia, depending on 
the extent of the movement. 

Vertical disparity, or differences in 
height of homologous points, can be 
described in a manner related to physio- 
logical optics by the difference in eleva- 
tion angles to homologous points, The 
elevation angle is shown as uw in Fig. 7, 
where it applies to the camera, and as 8 
in Fig. 8, where it applies to the spectator 

As with intermittent variations of the 
convergence angle in the horizontal plane, 
it should again be emphasized that 
although intermittent variations of 
the elevation angle may have a physio- 


z 


Table I. Summary of Values for Horizontal Errors. 


Values % 

Filming 

x) 10 5 

v1 2 

0.083 1 

e, 0 12 

tan @ 0.0028 ) 
Printing 

2.1 

w, optical 0 0342 

w’ 0 0724 0 

w’ | contact 0.0724 0 

Wp 0.0724 0 
Projecting 

M 350 

0.5 

$ 75 0 

0 ? 

tan 6 0 02 1 

02 10 

10 


* Per cent lack of registration, 
w’'—width of inter-stock. 


logical effect on the spectator, his eyes 
will not necessarily follow the rapid 
vertical movement of 
screen. 

In Figs. 7 and 8 the same coordinate 
orientation is employed as that used 
previously in Part II. Again the x-axis 
in the filming diagram lies in the plane 
perpendicular to the effective film plane 
and along the direction of filming, while 
the x-axis in the viewing diagram lies 
in the median plane of the spectator and 


points on the 


connects the Cyclopean eye with the 
center of the screen, 

The elevation angle, 8, can be shown 
to be given by the expression 


tan 


8 = tan (4.6) 


Due to any lack of registration which 
may occur in cameras, printers and 
projectors, as well as to vibration of 
equipment, the elevation angle of either 
aspect may vary from the value given 
by (4.6). This intermittent variation is 
expressed by the total derivative of # 
with respect to its significant variables. 
Thus, 
dp = [4 ian 


filming 


Nae 


Errors 
Steady, A Intermittent, d 
Absolute % Absolute 
0.5 0 0 
0, 00083 0 0 
0.0072 0 0 
0.000252 0 25* 0.001 
0.00171 o.1* 0 0000342 
0 0. 0000724 
0 0 0 
0 0 0000724 
0 0 0 
0 0072 0 0 
0 0002 0o1* 0 00019 
0.02 0 0 
0.15 0 0 
Zi 1 
+ ( =~ dh, + dh wrinting 


projecting 
(4.7) 


Equation (4.7) contains the declination 


angle of either projector, shown 
as y in Fig, 9. As before, the con- 
tributing factors are independent and 


could be additive. 


Steady Errors in the 
Vertical Plane 


Steady errors can cause a constant 
difference in height 
pairs, This difference can last for the 
length of the shot or longer, depending 
on the cause, The effect on the spectator 


between pome 


is to induce one eye to angle upward. 
This unnatural act may cause either 
fatigue or diplopia, depending on its 
magnitude, The steady disparity of 
homologous points in the vertical plane 
will not create an error in apparent 
location, for the mind will not accept 
the third dimensional percept as a func- 
tion of vertical disparity, nor will the 
mind devise an entirely new fourth 
dimension resulting from this disparity 
The steady error in the elevation 
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Fig. 7. Elevation angle at the scene. 


Fig. 8. Elevation angle in the theater. 
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+ d tan 7] 
x; tan y i 
| 
| 
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= 
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fe = 


angle of either aspect is described by 
the total derivative of 8 with respect to 
all its significantly contributing factors. 
As with the steady errors in the hori- 
zontal plane, steady errors in the 
vertical plane will be denoted by incre- 
ments in order to distinguish them from 
intermittent errors. The steady errors 
in the vertical plane are given by 


[ Af, 


As = 
wif, ( filming 


Atanu 
7 1 / 

+ 
(5 Ah, + ah.) printing 


4 


z 
Ab 


+ \ tan 
x, tan ¥ 


projecting 


(4.8) 


Equation (4.8) contains the elevation 
or height, b, of the projector above a 
plane passing through the center of the 
screen and normal to it, as shown in 
Fig. 9. As usual, the contributing factors 
are independent and could therefore 


Table Il. Summary of Values for Vertical 


Values % 

Filming 

10 

1.25 

f, 0.083 0.5 

tan 0.125 

axis inclination 
height 

Printing 

2.1 

h, 0.0245 0.5 

foPtical 0.0525 0 

h’ 0.0525 0 

Projecting 

M 350 

‘ 75 

0.% 1 

b 20 0.5 

tan y 0.20 0.5 


* Per cent lack of registration. 
h’——height of inter-stock. 


Fig. 9. Elevation and 
declination of the pro- 
jector. 


SCREEN 


be cumulative. However the correct 
mathematical signs have been retained 
for the terms involving disparities in 
focal lengths of lenses in order to empha- 
size desirability of 
keeping the longer lens on the same 
side, say the left. 

The errors listed in (4.8) are simply 
differences aspects, 
differences which may be introduced 
during filming, printing or projecting. 
Therefore in applying (4.8) to an actual 
case it can be assumed the left member 
has the correct values, and only the 
differences between the members need 
be used in (4.8), these differences being 
interpreted as errors in the right member. 


once more the 


between the two 


An Example of Vertical Errors 


After the formulas for errors in the 
horizontal plane were described, an 
example was employed to indicate the 
order of magnitude of the factors in- 
That same example will be 
applied now to the two formulas for 
determining errors in the vertical plane. 

As before, it is assumed that longer 
lenses of lens pairs are kept on the left. 
Since both and increase with 
increasing z,, and since it is desired 


volved. 


Errors. 
Errors 

Steady, A Intermittent, d 
Absolute % Absolute 

0.000415 0 0 
0.25* 0.000735 

0.00029 0 0 

0.00025 0 0 
0.000123 0.1* 0 0000245 
0 0.1* 0. 0000525 

0 0 0 
0 0.1* 00000525 

0.0036 0 0 

0.1 0 0 

0.001 0.1 


0.000145 


v 


to compute the maximum error possible, 
the maximum value of z,; encompassed 
by the camera lens will be «sed. This 
point will then appear at the top of the 
screen. As before, the computations will 
not be shown, but the values used and a 
summary of the errors computed are 
given in Table II. Again all lengths are 
in feet. 

When the values summarized in 
Table II are substituted in (4.7), the 
intermittent variation of the elevation 
angle of either eye is: 


dg = 0.000602 camera 
0.000250 optical printer | 
0.000125 contact printer 
0.000091 projector 


filming 
printing 
projecting 


0.001068 radians, or about 3.5’ of 
are 


This value represents the maximum 
angular variation of either eye for this 
particular example. The intermittent 
error in the elevation angle to the other 
eye could be an equal amount in the 
opposite direction. There is some theo- 
retical indication that diplopia will not 
occur for intermittent vertical errors of 
the order just computed.’ However no 
precise experimentation with the 3-D 
film has been undertaken to determine 
what value of d§ causes an undesired 
effect on the spectator. 

When the steady errors in Table II 
are substituted in (4.8), the steady 
vertical disparity of a point near the 
top of the screen from its homologous 
point is: 
4B 
= +0.00102 camera lens 

0.00051 camera height 


0 00046 camera inclina- 
tion ) 


filming 
0.00102 optical printer —_} printing 
—0. 00102 projector lens 
0.00102 projector height | projecting 
0.00102 projector dec- 
lination 


0.00403 radians, or about 14’ of arc 


This value of Af represents the maxi- 
mum steady angular divergence of the 
eyes in the vertical direction for a 
spectator seated 75 ft away from the 
screen. Independent observers have 
determined that vertical divergence of 
the eyes must be at least one degree 
before diplopia occurs.*® Therefore, 
even for so rigorous a _ transmission 
problem as has just been shown, fusion 
still results. Whether such a value of 
vertical divergence causes some other 
undesired effect is a problem which has 
not been solved specifically for motion- 
picture conditions 


Tolerances in Transmission 


The example used in this section, in 
conjunction with Eqs. (4.2), (4.4), 
(4.7) and (4.8), helps to indicate where 
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in the transmission system particular 
attention should be paid to tolerances. 
In general the tolerance of any factor in 
a system should be such that its effect 
on the accuracy of that system is of the 
same order of magnitude as the effect 
of the other factors. With this in mind the 
following observations can be made: 

(1) If the convention of keeping the 
longer focal-length lenses on the left 
is not followed, then camera and pro- 
jector lens pairs should be kept to within 
} of 1% if the error in A at the edge of 
the screen created by focal length dis- 
parity is to be of the same order of 
magnitude as the other errors. 

(2) The error in reading graphs, such 
as those of Figs. 5 and 6, has been 
included as an error in the setting of 
camera interaxial and convergence, 
Such an error can be reduced by the 
use of a computing device, such as the 
one developed by the Motion Picture 
Research Council.§ 

(3) Errors as large as 5% can be 
tolerated in the measurement of the 
camera-to-object distance, and in the 
setting of camera interaxial and con- 
vergence. 

(4) The optic axes of the cameras 
should have the same inclination within 
2’ of are. 

(5) The error due to camera registra- 
tion could be minimized by the use of 
shorter focal-length lenses. 

(6) In general, the lack of registration 


in the cameras is a greater contributing 
factor toward the unsteadiness of the 
two aspects than is the lack of registration 
in the projectors, even if the film width 
is the same and the per cent lack of 
registration is the same in both filming 
and projecting. 

(7) Errors in printing are relatively 
insignificant. 

(8) The errors in 
vergence and declination should be kept 
to within } of 1%. 

(9) Because the human visual appa- 
ratus can handle a greater degree of 
intermittent movement of point pairs in 


projector con- 


the horizontal direction than in the 
vertical direction,’ film registration 
should be more exact in the vertical 


direction. 

(10) All steady errors increase around 
the borders of the screen. 

(11) All errors increase for close-ups. 

(12) Errors are less acute for specta- 
tors seated farther from the screen. 

(13) A lomm and 
projected in 16mm on a given size screen 
will appear stereoscopically identical to 
the same shot in 16mm _ but 
projected in 35mm on the same size 
screen. 


scene shot in 


scene 
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Recent Developments in Feedback 


Lateral Disk Recorder 


Iue westrex 2B Recorder has an im- 
proved spring-hinge arrangement. Pre- 
viously there had been a tendency toward 
a shift in the operating axis of the 
cantilever spring at frequencies above 10 
kc, causing sharp dips in the recorded fre- 
quency response in this The 
recent interest in recording higher fre- 
quencies has resulted in a modification 
which has largely eliminated _ these 
“holes.” The modification consists of ex- 
tending the body of the coil form to the 
normal rotational axis of the hinge. 
This fin-shaped extension revolves about 
an axis which coincides with the axis of 
the spring one-third the distance from the 
spring clamp to the coil form. It is em- 
bedded at this point in a compliant 
material which allows the hinge to flex 
normally but discourages rotation about 
any but the intended axis. 

Stylus-heating facilities 


range. 


been 


have 


Abstract of a paper presented on October 20, 
1954, at the Society’s Convention at Los Angeles 
by C. C, Davis, Westrex Corp., 6601 Romaine 
St., Hollywood 38, and published in J. Audie 
Eng. Soc., 2: Oct. 19*4, 


provided in the 2B Recorder. These con- 
sist of two small terminals to which may 
be attached a simple heater coil energized 
with 6 v from an a-c source, The heater 
coils are designed to slide over the stylus 
and are held in place by the natural 
spring tension of their leads 

Acetate playbacks of L.P. recordings at 
10 ke and at a 6-in. diameter 
much as 10-db improvement in noise and 
a gain of 16 db in signal, when cut with 
heated sharp styli as compared to un- 
heatee dulled-edged styli intended for 
cold use. The temperature at the stylus 
tip is in the neighborhood of 350 F and 
can be measured with waxes having 
known melting points. With the hot- 
stylus attachment the coil form is modi- 
fied to use tapered-shank styli and a re- 
moval tool has been designed for their 
ready installation and removal 

The advance-ball assembly has been 
redesigned to permit positioning the ad- 
vance ball directly ahead of the record- 
ing area and it is provided with an 
additional lateral adjustment for track- 
ing exactly in line with the material to 
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be removed in order to prevent scars re- 
maining on the record if a particle of dirt 
collects under the advance ball. 

A new amplifier has been designed to 
operate with the 2B Recorder. 

The high and low frequencies may be 
increased or decreased several decibels 
by adjustment of the feedback control. 
When adjusted to normal the system is 
flat from amplifier input to reproducer 
output from 30 cycles to 11 ke. A dip of 
about 4 db centers at 15 ke, beyond 
which a long rise occurs extending to 
approximately 28 ke where the level ex- 
ceeds that of the midrange. The feed- 
back has little control beyond 11 ke and 
the peak at 28 ke appears solely due to a 
secondary mechanical resonance. How- 
ever, this rise in response serves a useful 
purpose because the system may be 
equalized to a point well beyond 20 kc 
by the insertion of a single equalizer to 
boost the level in the 15-ke range. 

Records made with the new recorder 
and its associated amplifier show low 
intermodulation and unusually accurate 
reproduction of square waves, 
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Wide Screens in Drive-in Theaters 


CinemaScope (or any of the other wide-screen, multiple-channel sound, new 
techniques) presents three important problems to the drive-in theater. The first 
is a very wide screen. The second is a suitable light source which can provide 
enough light to acceptably illuminate the wide screen. The third is the possible 
use of multiple-channel sound. These problems and their practical solution in 
currently operating drive-in theaters are briefly discussed. 


The Problems of a Wide Screen 


Last year marked the introduction and 
widespread use of the wide screen in in- 
door theaters. Although there may be 
some question in the minds of some ex- 
hibitors relative to the use of multiple- 
channel sound, apparently most ex- 
hibitors agree that the wide screen is one 
thing that is immediately noticed and 
receives favorable comment from the 
theater patrons. Because of this broad 
acceptance of the wide screen in indoor 
theaters, the past season has marked the 
introduction of the wide sereen in the 
drive-in theater 

Drive-in theater screens for use with 
the conventional 1.33 to 1 aspect ratio 
pictures have varied in width up to about 
70 ft. During the past season the width 
of drive-in theater screens have very 
increased, The Westbury 
Drive-In Theatre at Westbury, Long 
Island, was built during the past season, 
with a capacity for about 2,000 cars. 


materially 


The screen, seen in Fig. 1, is curved and 
is 124-ft wide. When a CinemaScope pic- 
ture is projected it overshoots the screen 
on each side by about one foot, and it 
completely fills the sereen from top 
to bottom. This gigantic picture is 
Presented on October 21, 1954, at the Society's 
Convention at Los Angeles, by Ralph H. Hea- 
cock, Radio Corp. of America, Front and Cooper 
Sts, Camden 2, NJ 

(This paper was received on October 11, 1954.) 


simply standing out in the sky and all 
2,000 of the cars in the theater have an 
unobstructed view. When a conven- 
tional picture is projected, it fills the 
screen from top to bottom, and the width 
is somewhat reduced in size. 

Figure 2 shows the screen at the Bel- 
mont Auto Drive-In Theatre near Day- 
ton, Ohio. This screen is about 110-ft 
wide and is flat. Here again the Cinema- 
Scope picture completely fills the screen, 
while the conventional picture runs the 
full height of the screen but not the full 
width. 

It is very interesting to note that both 
of these screen surfaces are of a white 
diffusive material. Many who have com- 
pared the screen image in these theaters 
with that obtained on a silver screen feel 
that both color 
balance are better on a white screen. 
Some have commented that light distri- 
bution on the flat screen is highly satis- 
factory, and that there apparently is no 
serious fall-off in screen brilliance. 


color contrast and 


Recently a screen coating material has 
been developed which is a real vinyl 
plastic material (not merely a vinyl! base). 
his type of material was used to “moth 
ball” the fleet and the B-29’s during and 
after the war. This material has been 
pigmented so that a mirror coat is 
sprayed on to the screen surface, which is 
then followed by a top coat which is 
brilliantly white and diffusive. Cracks 
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between panels of the existing screen are 
sprayed with a coat of the mirror mate- 
rial, and are then taped and resprayed 
so that the tape becomes an integral part 
of the screen imbedded right in the 
mirror coat. The end result is that a 
screen surface is obtained which has 
practically the same reflectance as a 
high-grade, indoor, white, diffusive 
screen. In addition, the material has 
been formulated to be highly weather- 
resistant. This material should be of 
great help in establishing high quality, 
high reflecting, diffusive, white screens 
for CinemaScope use in outdoor theaters. 


Light Source 


The second problem in the operation 
of drive-in theaters of this type is a suit- 
able light source which can provide 
enough light to illuminate acceptably 
these very large screens. In both of the 
outdoor theaters described, a very de- 
pendable arc lamp is employed. The 
same arc lamp may be employed for use 
with either the 10mm Standard, 11mm 
Standard, or the 10mm Hitex carbon. 
A precision-made 16-in. diameter glass 
reflector is employed which accurately 
focuses the positive carbon crater on the 
projector aperture. The screen end of the 
arc lamp is equipped with a tilted, heat- 
reflecting, dichroic reflector. This re- 
flector removes about 40% of the heat 
from the light beam, while it cuts down 
visible rays by only 6 to 8%. From a 
practical viewpoint, this slight decrease in 
light is of little importance. A group ol 
about half a dozen experienced engineers 
was gathered in one of our experimental 
projection rooms, and after dropping the 
heat reflector into the light beam, and 
then removing it several times, all the 
engineers agreed that they could not tell, 


Fig. 1. 124-ft curved screen, Westbury Drive-In Theatre. 


Fig. 2. 110-ft flat screen, Belmont Auto Drive-In Theatre. 
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Fig. 3. Two separate speaker installations, 
Belmont Drive-In Theatre. 


with accuracy, whether the heat 
reflector was in or out of the light beam. 
This dichroic reflector is kept cool by a 


constant flow of air from a small blower 


any 


Multiple-Channel Sound 


Ihe past season has marked the intro- 
duction of multiple-channel sound in the 
drive-in theater. Figure 3 shows a typical 
speaker post in the Belmont Auto Drive- 
In. Two junction boxes and four drive-in 
theater speakers are mounted on each 
post so that each car is equipped with 
both a righthand and lefthand speaker. 
Four-track magnetic recordings of a 
conventional CinemaScope print are 
resolved into two-channel sound in the 
following manner. Sound for the left 
side of the screen is impressed on the 


lefthand speaker, while that for the right 
side goes to the righthand speaker 
Sound for the center of the screen is 
divided equally and impressed simul- 
taneously on both the righthand and left- 
hand speakers, so that the ear interprets 
the volume level to be the same as that 
for the sound already coming from each 
side of the screen. The sound effects track 
is divided in a similar manner 

A few years ago many of us felt that it 
might be impractical to 
introduce stereophonic sound in drive-in 
theaters. Because of this, we CXx- 
tremely careful in our preliminary tests 
to be sure that the directional effect of 


attempt to 


were 


this two-channel stereophonic sound was 
really effective. Since both of the speakers 
in the car subtend a very much larger 
angle at the viewer's ears than is the case 
in a the 
directional effect is materially enhanced 


conventional indoor theater, 
One of our main concerns was that this 
enhancement might result in a lack of 
naturalness. Actual operating tests, how- 
ever, have convinced us that the effect 
on the average patron is highly satisfac- 
tory 

The second important advantage of 
two speakers in one car is that obtained 
by the spatial effect of multiple-sound 
sources. This improvement has been so 
great that at the Belmont Auto Drive- 
In both speakers run continuously even 
transmission 


on single-channel sound 


from a conventional single-track print 


Television Studio Lighting Committee Report 


Tue Television Studio Lighting Com- 
mittee was formed in January 1950. Al- 
most immediately, work was initiated on 
the preparation of a lighting terminology. 


Published below are the partial results of 
this labor. 
The Committee’s intent was not to 


issue an all-inclusive glossary, but rather 


TELEVISION STUDIO LIGHTING NOMENCLATURE 


High Key Lighting * A type of lighting which, applied to a scene, results in a picture 


having graduations falling primarily between gray and white; dark grays and blacks 


are present but in very limited areas. 


2 * Low Key Lighting * A type of lighting which, applied to a scene, results in a picture 
having graduations from middle gray to black with comparatively limited areas of 


light grays and whites 


. 


subject or area. 


Key Light * The apparent principal source of directional illumination falling upon a 


Base Light * Uniform, diffuse illumination, approaching a shadowless condition, 


sufficient for a television picture of technical acceptability, and which may be supple- 


mented by other lighting. 


aw 
ee 


Fill Light * Supplementary illumination to reduce shadows or contrast range 
Cross Light * Equal illumination in front of the subject from two directions at sub- 


stantially equal and opposite angles with the optical axis of the camera and a hori- 


zontal plane. 


Back Light ® Illumination from behind the subject in a direction substantially 


parallel to a vertical plane through the optical axis of the camera 


Side Back Light * [llumination from behind the subject in a direction not parallel 


to a vertical plane through the optical axis of the camera. 


. 


Eye Light ° Illumination on a person to produce a specular reflection from the eyes 


(and teeth) without adding a significant increase in light to the subject. 


10 


Set Light * Separate illumination of background or set other than that provided for 


principal st-bjects or areas which may be composed of items 3 to 8 above 


By 
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Comparative tests of both two-speaker 
and 


carried on, and it was our conclusion 


three-speaker single units were 
that the two-speaker unit in a single 
housing was, in general, about as satis- 
factory as the three-speaker unit. Since 
the three-speaker unit is generally driven 
by three separate channels, this means 
that three complete separate channels of 
sound amplification and sound distri- 
bution must be enmiployed, Because of 
the elimination of a complete channel of 
amplification and distribution, either 
the double-speaker unit or the 
separate speakers may be a more prac- 
tical method of operation than the three- 


two 


channel, three-speaker setup 

The double-speaker single unit is ad- 
mittedly handle, 
but it does not have as marked a direc- 


less cumbersome to 
tional effect on stereophonic sound as do 
the two separate speakers 

Chis paper has been presented pri- 
marily to outline some of the operational 
CinemaScope prints in 
drive-in No doubt, there are 
many other points of interest which have 
come to the attention of other members of 
the Society, but it is believed that the 
wide screens, suit- 


features of 
theaters 


introduction of very 
able light sources and the possible use of 
multiple-channel sound, as typified by 
the two drive-in theaters mentioned, may 
be of greatest general interest to the 
Society. 


H. M. GURIN, Committee Chairman 


to define the most common and im- 
portant terms so that the people in the 
field could readily converse with one an- 
other without the confusion resulting 
from individual interpretations, 

The ten definitions presented here 
represent the results of a major collective 
effort. They were drafted by the Tele- 
vision Studio Lighting Subcommittee on 
Nomenclature, reviewed by the Tele- 
vision Studio Lighting and Motion-Pic- 
ture Studio Lighting Committees, circu- 
lated for comment to practically all the 
television broadcasting stations in June 
1954 and approved in their present form 
by this Committee on November 18, 
1954. 

Phis is by no means the last word on 
nomenclature, The Committee intends 
to continue this very important activity 
and welcomes your suggestions and 
comments on the terms already defined 


and terms you would like to have defined 


Submitted on January 4, 1955, by H. M. Gurin, 
National Broadcasting Co., 0) Rockefeller Plaza, 


New York 20 
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news and 


reports 


77th Convention 
Program and Hotel 


The sessions are developing rapidly now 
with these special subject leaders: 


For Tedevision: William P. Kusack, Station 
WBKB, 20 N. Wacker Dr., Chicago 6, 


Kor High-Speed Photography: Richard © 
Painter, 738 E. Liberty, Milford, Mich 


For Screen-Brightness Symposium: Fred J 
Kolb, Jr., Manufacturing Experiments 
Div., Bldg. 35, Kodak Park, Rochester 4, 
N.Y. 


For Nontheatrical Motion-Picture Papers: John 
W. Ditamore, 822 N. Grant St., West 
Lafayette, Ind. 


For any worthy subject: This Convention will 
not be merely the special subjects noted. 
There are to be laboratory processing, 
production and sound papers. Do not 
hesitate to advise now by wire, telephone 
or air mail; C, E. Heppberger, Program 
Chairman, 231 N. Mill St., Naperville, 
Ill. If your paper, or a worthy one you 
know about, is to be shown in the Ad- 
vance Program in the March Journal, an 
Author’s Form and abstract must reach 
the Program Chairman before the end of 
this month, If in doubt, call any one of 
the Papers Committee Vice-Chairmen, 
p. 39 of the January 1955 Journal, or a 
member of the Papers Committee, p. 328 
of the April 1954 Journal, 


It is expected that the respective engi- 
neering members will give 
special support to Messrs. Painter and Kolb. 


committee 


Mr. Ditamore’s part of the program is a 
new development for this Convention, with 
these committee mennbers: 


Herbert Farmer 
John Flory 

Neal G. Keehn 
Kenneth M, Mason 
Malcolm G. Townsley 
Henry Ushijima 


Equipment and services exhibits will be a part 
of the Convention. Specifications and cost 
information are available from the Exhibit 
Chairman, George L. Oakley, c/o Pro- 
fessional and Industrial Equipment Sales, 
Bell & Howell Co., 7100 McCormick Rd., 
Chicago 45, Ill. 


The Drake is the hotel for the 77th Con- 
vention, Rates and advice about reserva- 
tions will accompany the postal notice 
about the Convention, to be mailed to all 
members later this month, The sooner the 
better: advise Mr. Jay S. Wallace, Reserva- 
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tion Manager, The Drake, Lake Shore 
Drive & Upper Michigan Ave., Chicago 11, 
Til. 

Advise what accommodations you would 
like and when you will reach Chicago and when 
depart. The rates per day are: 

Singles: $7.50; $8.00; $8.50; $9.00; $10.50; 
$11.00; $12.00; $14.00. 


Doubles: $13.00; $14.00; $15.00; $17.00; 
$18.00; $19.00; $20.00; $22.00. 


Suites: (parlor and one bedroom) $23.00; 
$25.00; $29.00; $30.00; $42.00, and up. 


engineering 
activities 


Committee Meeting 

The Film Projection Practice Committee 
met on January 11, 1955, to review the 
comments received on the first draft of a 
proposed revision of 722.35-1947, 16-Tooth 
35mm Motion-Picture Projector Sprockets. 
A full discussion was held and a basis was 
laid for the preparation of a second draft 
which should be in the hands of committee 
members early in February. While this re- 
vised standard does not include the sprock- 
ets used in conjunction with the Cinema- 
Scope process, it does otherwise bring the 
1947 standard up to date. In addition, it 
now includes a section defining the various 
picture projection sprockets with respect 
to their function in the projector, 


Standards in Process 


1. 35mm Motion-Picture Alternate 
Standard for Positive Raw Stock, 
SMPTE 772, (CinemaScope film). 


2. Revision of American Standard, Di- 
mensions for 35mm Motion-Picture 
Negative Raw Stock, Z22.34-1949, 
SMPTE 774. 


These two standards are being reviewed 
by the Film Dimensions Committee. 
Second drafts of these proposals are now 
being prepared to correct the faults un- 
covered in the initial review. 


3. Revision of American Standard, Pro- 
jection Lenses for Motion Picture Thea- 
ters, Z22.28-1946, SMPTE 726. 
Published in the September 1954 Journal 

for trial and comment and is now being re- 
viewed by ASA Sectional Committee, 
PH22. 


4. Revision of American Standard, 16- 
Tooth 35mm Motion-Picture Projector 
Sprockets, Z22.35-1947, SMPTE 791. 


See above note on Film Projection Prac- 
tice Committee meeting. 


5. Revision of American Standard, Di- 
mensions for Theater Projection Screens, 
Z22.29-1948, SMPTE 777. 

The Film Projection Practice Committee 
proposes to limit the 1948 standard until 
conditions warrant the preparation of a 
new standard embodying the wide screens. 
This standard is now being reviewed by 
the Standards Committee. 


6. Proposed American Standard, Screen 
Brightness of 16mm Laboratory Review 
Rooms, PH22.100, SMPTE. 737. 
Published in the January 1955 Journal 

for a three-month period of trial and com- 

ment. 


7. Revision of American Standard, Pic- 
ture Printer Aperture for Contact Print- 
ing 16mm Positive from 16mm Nega- 
tive, Z22.48-1946, SMPTE 795. 
Approved by the Laboratory Practice 
Committee and is now being reviewed by 
the Standards Committee. 


8. Reaffirmation of American Standard, 
Printer Aperture Dimensions for Contact 
Printing 16mm Reversal and Color Re- 
versal Duplicate Prints, Z22.49-1946. 
Approved by the following committees: 

Laboratory Practice, Standards, PH22 and 

PSB. It is presently before the American 

Standards Association’s Board of Review. 
Approval of reaffirmation action is expected 
shortly. 


9. Revision of American Standard, No- 
menclature for Motion-Picture Film 
Used in Studios and Processing Labora- 
tories, 722.56-1947. 

The Laboratory Practice Committee is 
now reviewing new lists of laboratory terms 
prior to revising this standard. 


10. Revision of American Standard, 16mm 
Film Perforated One Edge — Usage in 
Camera, 722.15-1946, SMPTE 671. 


11. Revision of American Standard, 16mm 
Film Perforated One Edge — Usage in 
Projector, 722.16-1947. 

Above two standards published in the 
September 1954 Journal for trial and com- 
ment and are now being reviewed by ASA 
Sectional Committee, PH22. 


12. Revision of American Standard, Inter- 
modulation Tests, 16mm Variable-Den- 
sity Photographic Sound, Z22.51-1946, 
SMPTE 816. 


Under review by the Sound Committee. 
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WESTREX STANDARD Multi-Channel 


and Single Channel Sound Systems 


WORLD OVER! 


FOR THEATRES OUTSIDE U.S.A. AND CANADA...FOR STUDIOS EVERYWHERE 


FOR THE STEREOPHONIC ERA there is a 
new, complete and thoroughly proved Westrex 
line of theatre sound systems for multi-channel 
magnetic (such as CinemaScope ), multi-channel 
photographic (such as Perspecta Sound), and 
single channel reproduction (standard photo- 


graphic), When these modern systems are in- 
stalled, adjusted and serviced by Westrex Corpo- 
ration engineers, finest performance and lowest 
overall cost are definitely assured ...Write today 
for complete information about the particular 
system in which you are interested. 


RO STEREOPHONIC REPRODUCER 
(Magnetic) brings you the Academy 
Award winning hydro flucter suppressor, 
a tight film loop, and double flywheels 


THIS INTEGRATOR is essential 
for Perspecta Sound multi 
channel reproduction from a 
standard M + tographic sound 
track on which control frequen 


rif cies have been superimposed 


R6 PHOTOGRAPHIC REPRODUCER 
gives unsurpassed reproduction from 
variable area and density prints. Special 
noiseless timing are an 
feature... will not slip or seretch. 


THE WESTREX R9 Srereophonic Repro- 
ducer (Magnetic) and RG Photographic 
Reproducer 


WESTREX STANDARD i868 
Loudspeaker Assembly employs the 
Western Pleceric 71358 High Pre 
quency Speaker. 


WESTREX TSO01A LOUDSPEAKER WESTREX STANDARD AMPLIFIER 
ASSEMBLY features the new Acous- CABINETS have up to four channels 


tic Lens for superior performance in for magnetic or photographic repro- 
larger theatres duction 


WESTERN ELECTRIC 


CORPORATION 


d Division: 


660 fRomaine Street, Hollywood 
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13. Revision of American Standard, 16mm 
Sound-Focusing Test Film, 722.42-1946. 


14. Revision of American Standard, 16mm 
400-Cycle Signal-Level Test Film, Z22.- 
45-1946 


15. Revision of American Standard, 16mm 
Buzz-Track Test Film, 722.57-1947 


16. Proposed American Standard, 35mm 
Magnetic Azimuth Alignment Test 
Film, PH22.99. 

Above four standards approved by the 
following committees: Sound, Standards, 
PH22 and PSB are presently 
Standards 

ASA approval is 


before the 
Board 


expec ted 


American Association's 
of Review 


shortly 


The direction any film 


portant part in obtaining the\degtred effects 


At Precision, expert guidance though eac 


( 
8 sible results. 


producers, cameramen and direétors the fine 


17. Revision of American Standard, Photo- 
graphic Sound Record on 16mm Prints, 
722.41-1946, SMPTE 760. 

Approved by the Laboratory Practice 
and Sound Committees. Further processing 
is awaiting approval of this standard by the 
16 & 8mm Motion Picture Committee. 


18. Proposed American Standard, Mag- 
netic Coating of 8mm Motion-Picture 
Film, PH22.88, SMPTE 756. 

Approved by the Magnetic Recording 
Subcommittee, Sound and Standards Com- 
mittees and will be published for trial and 
comment shortly. 


19. Proposed American Standard, 200-Mil 
Magnetic Sound Record on 16mm Film, 


isa gonipleg procedure where experience plays an im- 


it is in the film processing laboratory. 


the processing operation assures 


All of which leads to another form of dirpction : West of 5th Avenue on 46th Street in New 
York to Precision. That's the wight direction for you wherever you are and whatever your 


film processing proble 5 


in Film processing, i's Precision. 


In everything ther¢ is one bes 


LL\A BORAT 


“4 


“\ 


\ 


new 


A diwision\of J. A. Maurer, Ine. 
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Perforated One Edge, PH22.97, SMPTE 
713. 


Approved by the Magnetic Recording 
Subcommittee and the Sound Committee 
and will shortly be reviewed by the Stand- 
ards Committee. 


20. Proposed American Standard, 35mm 
Magnetic Flutter Test Film, PH22.98. 


Approved by the Magnetic Recording 
Subcommittee, the Sound and Standards 
Committees and is now being reviewed by 


PH22. 


21. Proposed American Standard, Mag- 
netic Coating, 16mm Film Perforated 
Along Both Edges, SMPTE 758. 


Approved by the Magnetic Recording 
Subcommittee and the Sound Committee 
and is now being reviewed by the Standards 
Committee. 


22. Proposed SMPTE Recommended 
Practice, Magnetic Coating, 16mm Mag- 
netic-Photographic Sound Record, 
SMPTE 752. 

Approved by the Magnetic Recording 

Subcommittee and now under review by 

the Sound Committee. 


23. Proposed American Standard, Separa- 
tion of Picture and Magnetic Sound on 
16mm Film, SMPTE 793. 


Being considered by the Magnetic Re- 
cording Subcommittee. 


Copies of any of the above proposals con- 
taining SMPTE numbers may be obtained 
upon written request.—Henry Kogel, Staff 
Engineer. 


Correction of a Proposed 
American Standard 


Proposed American Standard, 35mm 
Magnetic Flutter Test Film, PH22.98, was 
published in the February 1954 Journal for 
a three-month period of trial and comment. 
A phrase, “at any rate,” was omitted by 
error from section 2.6 and consequently, 
the published version of the standard dif- 
fered from the draft approved by the Mag- 
netic Recording Subcommittee and the 
Sound and Standards Committees. 

Section 2.6 should read as follows: 

2.6 The total rms flutter of the sound re- 
corder shall not exceed 0.1% and the 
flutter amplitude at any rate shall not 
exceed 0.05% (as defined in American 
Standard 2757.1-1954, Method of Determin- 
ing Flutter Content of Sound Recorders and 
Reproducers ). 


It is intended to continue the processing 
of this standard in ASA Sectional Com- 
mittee PH22 with section 2.6 specified as 
above. If there are any comments on this 
specification of the standard, they should 
be directed to Henry Kogel, Staff Engineer 

ALK, 


An Index to American Standards on Cinema- 
tography, as of September 1954, and super- 
seding the previous issue of February 1953, is 
available upon request to SMPTE, headquarters, 
The Standards themselves may be purchased 
from the American Standards Assn., 70 FE, 45 
St, New York 17, 
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The Printer is readily converted to project an 
image of the master positive on a matte board. 
After painting the matte and threading dupli- 
cating negative raw stock in contact with the 
master, the printer is then used as a camera 
which selectively prints that portion of the 
master positive print that is desired. By sub- 
stituting a painted scene at the matte board, and 
removing the master positive, a composite 
duplicating negative is made. 

MOVEMENT: A stationary register pin Acme 
film movement, equipped with a removable back 
plate, readily converts the movement from a 
projector to a camera, or printer, type film 
movement. Because of the stationary register 
pin construction, positive film registration is 
attained regardless of the direction of travel. 
SHUTTER: An automatic dissolve produces 
fades of six different lengths. Either a sine ora 


ACME CAMERA CORPORATION 


Designers and Manufacturers of facme 
Special Effects Motion Picture Equipment m conp 
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Photographing and printing composite and stationary matte shots 


linear dissolving action may be obtained by 
pre-setting the dissolve dial. 


CAPACITY: Two 1000-ft. rolls of processed 
stock and one 1000-ft. roll of raw stock. A 
film matte, the master positive and the raw 
stock will operate simultaneously in the ma- 
chine. 


POWER: Ten separate speeds are provided, with 
both continuous and stop motion action at all 
speeds. 


BASE: Four feet of camera travel is accomplished 
with a hand wheel and the camera's position is 
indicated on a counter, enabling exact duplica- 
tion of location. 


Complete technical information will be furnished 
on request, 


~ Leased by PRODUCERS SERVICE CO. 


2704 West Olive Avenue, 
Burbank, California 


t+ 
ts 5 
q 
4 
by 
g 
1 7 


THE FAMED 


and PARTS AVAILABLE! ) 

Fully guaranteed against defects 

in materials and workmanship. — \\— J 
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EVER MADE 


CUNNINGHAM 35mm HAND HELD MOTION PICTURE CAMERAS 


The only hand held 35mm cameras produced in the 
United States with dual pilot pin registration — provid- 
ing the same accuracy of picture positioning as a studio 
camera. 


Self contained, lightweight magnesium construction, 
weather-proof and dust-proof, with pistol grip handles 
and a rifle stock to provide firm support. All controls 
can be completely set and adjusted while wearing gloves 
or mittens; and turret rotation, diaphragm setting, fo- 
cusing, speed changes and on-off switch can be con- 
trolled without removing hands from the hand grips. 


Camera has a 4 lens self-positioning ball bearing turret 
with 3 integral lenses and a fourth position for a long 
focal length telephoto lens. This revolving turret per- 
mits the lenses to be completely changed without mov- 
ing the camera from the shooting position. 


1. Camera 
3. 35mm Bal 2. 3 speed electri 
The fitted carrying case holds the complete unit, cam- 5. 6” 4. 75mm 
era, magazine, spare lenses, film and accessories. + 200’ film ma piles ante 6. Integral view or” 
Orders filled on a first come, first served, basis. Priority e oe ining Mitchell type pilot 
will be given only to government contractors, or Mili- 9.0 eed Spools 
tary agencies who furnish a Defense Order Rating P spare Meneas® fitted for Camera 
Number. ilm and accessonen™ 


Because of the unusual nature of this truly sensational 
offer our usual open account terms do not apply. Pay- 
ment for the full amount must accompany order. (Cali- 
fornia buyers add 3% sales tax.) 


PHONE, WIRE OR WRITE TODAY... 


NOW YOU CAN By 


SENSATIONAL CUNNIN 
35mm MOTION PICTU + 


DESIGNED AND PRODUCED FOR THE 0.5.5. (AT AN ORIGINAL COST OF OVER $7,625 EACH) 
ONLY RECENTLY REMOVED FROM THE MILITARY RESTRICTED LIST 


Camera is equipped with 1 each 35mm Baltar lens, | 
each 75mm Baltar lens and | each 6” telephoto lens 
and takes standard Mitchell slide filters. An eye level 
view finder is provided with fields for the three integral 
lenses. 


Camera is driven by a high speed universal electric 
motor of the governor-controlled type for operation 
at 16, 24 or 32 frames per second. Shutter is of the 
170° rotary type, counter-weighted and dynamically 
balanced. Camera will operate from any fixed or port- 
able power supply. 


The magazine is of the latest displacement type, reduc- 
ing weight and size, It holds 200 feet of film and con- 
tains the complete film movement mechanism with the 
dual pilot pin registration unit of the Mitchell type. 
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printing equipment 
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section reports 


Ihe regular meeting of the Pacific Coast 
Section was held on Tuesday, January 11, 
1955, in the new NBC Color-Television 
Studio at Burbank, Calif. The attendance 
was limited to SMPTE members and 
guests of the American Society of Cine- 
matographers. A total of 400 persons was 
present 

Thomas W. Sarnoff, Director of Produc- 


tion and Business Affairs, NBC Hollywood, 
gave an introductory address. He expressed 
optimism for the growth of color telecasting 
and reception during the coming year, and 
discussed NBC’s plans for extensive ex- 
pansion in this direction. 

Gordon Strang, Construction Superin- 
tendent, Engineering Dept., NBC New 
York, discussed architectural considera- 
tions in the design of the new color-tele- 
vision studio. 

John Lake, Project Engineer, Audio- 
Video Engineering Dept., NBC New York, 
reviewed the electrical considerations in- 
volved in the design of the color-television 
studio 

J. R. DeBaun, Technical Supervisor of 
Burbank Studios, NBC Hollywood, pre- 
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MEDICAL RESEARCH 
OSCILLOSCOPE DATA 
HIGH-SPEED MECHANISMS 
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RESEARCH 


184 Casper Street 
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M-16 Motion Analyzer 


for reduction of photographed information 


Precise measurement of linear distances plus observation of 
time interval allows calculation of velocity, acceleration, 
deflections, forces and other information 


¢ EXPLOSIONS AND FLAME FRONTS 
REDUCTION 


MISSILES FLUID 


Vanguard Instrument Corporation 


16mm 400 ft capacity 
10 magnification 


Motorized single-frame 
feed 


Precise registration 


Rear-projection screen for 
normally lighted room 
viewing 

Readings to 0.001 inch on 
screen image by posi- 
tioning cross hairs 


Provision for search and 
frame count 


ENGINE DEVELOPMENT 
SHOCK STUDIES 
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FLOW 


Valley Stream, N. Y. 
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Program of the Annual Meetin 
of the Inter-Society Color Council 


“Control of Moods and Atmosphere’ by 
Richard Kelly, Lighting Designer and 
Consultant Architect 


sented the operational aspects of color tele- 
vision. Members of his staff demonstrated 
the alignment and balancing of the color- 
TV pickup equipment including cameras 
and electronic equipment. As the adjust- 
ments were described and made, the re- 
sultant television signal and the picture as 
picked up by the camera were shown on 
monitors throughout the auditorium and 
on the large projection color-television 
screen. The formal part of the program was 
followed by a tour of the complete color- 
television facilities of this new studio with 
continuous demonstrations of both the film 
and the live facilities. 

The Pacific Coast Section greatly appre- 
ciated the hospitality shown by NBC and 
their generosity in providing such an exten- 
sive demonstration of their new facilities. 
Particular appreciation is also due the 
eighteen members of the NBC Burbank 
technical staff who voluntarily gave of 
their time to provide the interesting and 
informative demonstrations.—E. W. Tem- 
plin, Secretary-Treasurer, Pacific Coast 
Section, c/o Westrex Corp., 6601 Romaine 
St., Hollywood 28. 


The Central Section held its first 1955 
meeting on January 17 at the Western So- 
ciety of Engineers Auditorium. 

A very timely subject was covered in ex- 
cellent fashion by R. E. Putman of General 
Electric Co. in a paper, “The Continuous 
Film Projector and Flying-Spot Scanner for 
Television.”” This new continuous 16mm 
television projector and its application to 
color-film projection on television were de- 
scribed in detail, including color slides. 
About 65 attended the meeting. 

At the pre-meeting gathering of the 
officers and Board of Managers, preliminary 
plans for the 77th Semiannual Convention 
in Chicago were discussed. A meeting of the 
Nontheatrical Motion-Picture Papers Com- 
mittee headed by John Ditamore of Purdue 
University, was also held in conjunction 
with the Managers’ meeting.—-K. 
Mason, Secretary-Treasurer, c/o Eastman 
Kodak Co., 137 N. Wabash Ave., Chicago 
? 


New Editor, Journal of the 
Audio Engineering Society 


Dr. Vincent Salmon, manager of Stanford 
Research Institute’s sonics section, has been 
appointed editor of the Journal of the Audio 
Engineering Society. He succeeds Lewis S 
Goodfriend, now editor of Notse Control 
published by the Acoustical Society of 
America. 

The AES Journal deals with advance- 
ments in techniques and instruments for 
high-fidelity recording and reproduction of 
sound, in studio acoustics, audio compo- 
nents and measuring gear, public address 
and stereophonic sound systems design and 
in electronic musical instruments. 

Before joining Stanford Research Insti- 
tute in 1949, Dr. Salmon headed research 
and development at Jensen Radio Manu- 
facturing Co., Chicago, where he worked 
on horn theory, multiple-source loud- 
speaker units and the design of devices used 
in radar countermeasures. In 1946 he re- 
eeived the biennial award of the Acoustical 
Society of America for the invention of a 
new family of horns. 
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exact screnees and the psychological and ~ 4 
dramatic factors. The scientific fundamen- - A 
tals are reviewed with the assistance of | 


Program of the Annual Meetin 
of the Inter-Society Color Council 


The Council’s 24th Annual Meeting will be 
held in the Skytop Room at the Statler 
Hotel, New York City, on Wednesday, 
April 6, 1955. The morning session will be 
comprised of reports of the subcommittees 
of the Problems Committee and the annual 
business meeting. ‘The afternoon and even- 
ing sessions are being planned by a com- 
mittee of the Illuminating Engineering 
Society. During the afternoon four presen- 
tations are being arranged as follows: 


“How You See Colors” by Dr. Robert W 
Burnham, Research Psychologist, East- 
man Kodak Co. 


“Control of Moods and Atmosphere” by 
Richard Kelly, Lighting Designer and 
Consultant Architect 

“Color Timing in Merchandising” by Mrs. 
Helen D. Taylor, Director of the Color 
Bureau, Tanners’ Council of America 

“Color at Work” by Prof. Edward Cars- 
well, School of Architecture, University 
of Toronto 


In the evening a banquet will be held in 
the Skytop Room at the Statler and the 
speaker, Ralph M. Evans, will give his lec- 
ture ‘Creative Directions in Color Photog- 
raphy.” Further details on this mecting 
may be obtained by writing Ralph M. 
Evans, Secretary of the Inter-Society Color 
Council, Color Technology Div., Bldg. 65, 
Eastman Kodak Co., Rochester 4, N.Y. 


Whether it's for 8, 16, 35 or 70 mm 
—for cameras, printers, developers, 
projectors, or allied equipment 
chances are you require parts similar 
to those illustrated here. Facilities for 
the manufacture of precision sprock- 
ets, shafts, etc., in experimental or 
large production quantities are avail- 
able to you at LaVezzi. We will be 
pleased to quote on your requirements. 


AVEZZ1 MACHINE WORKS 


4695 WEST LAKE STREET 


Manufacturing for the Motion 
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icture Industry since 1908 


Dr. Alfred N. Goldsmith, an 
Eminent Member of Eta Kappa Nu 


The electrical engineering honor society, 
Eta Kappa Nu, on January 31 awarded the 
grade of Eminent Member to Dr. Alfred N. 
Goldsmith, making him one of twenty now 
so honored on a list which includes Lee de 
Forest and V. K. Zworykin from the elec- 
tronic field. Dr. Goldsmith is a Past Presi- 
dent of the SMPTE, inventor, long well 
known as a consulting engineer, and Editor 
Emeritus of the Institute of Radio 
Engineers. 


Amateur Cinema League 
Termination 


An overwhelming vote of the Amateur 
Cinema League’s membership has joined 
its roster with that of the Motion Picture 
Division of the Photographic Society of 
America. Movie Makers, the ACL monthly 
magazine, is being discontinued. ‘The cover- 
age of amateur cinema photography is 
being increased in the PSA Journal. Annual 
competitions and award systems of both 
organizations will be continued in an ex- 
panded member-service program of PSA’s 
Motion Picture Division. The move adds 
about 2,500 to the PSA membership roster. 


‘ 
‘ 
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reviewed 


Lighting for Color and Form 
Principles, Equipment, and 
Applications 

By Rollo Gillespie Williams, Published 
(1954) by Pitman Publishing Co., 2 W. 45 


St., New York 36. v-xvi + 340 pp. 133 illus. 
+ 4 color plates. 6 X 9 in. Price $8.50. 


At any other time, it would be appro- 
priate to review this book in terms of the 
author’s intended audience, which is large, 
indeed, covering the architect, scientist, 
designer, lighting technician, artist, engi- 
neer, display expert, photographer and 
contractor. Now, however, the reviewer can 
be pardoned if he examines the book 
solely with respect to color television. 

The author has endeavored to bring to- 
gether a number of somewhat different, 
yet related, branches of knowledge con- 
cerning lighting principles and practices. 
He covers the fields of display, stage and 
photographic interior lighting, and pro- 
vides a good deal of information on exterior 
lighting. The point of view is that of a crea- 
tive, imaginative architect; and, to some 
extent, the architectural theme dominates 
the book. 


There is a nice balance between the 
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exact sciences and the psychological and 
dramatic factors. The scientific fundamen- 
tals are reviewed with the assistance of 
conventional mathematics, chromaticity 
plots and other accepted devices in a simple 
and very understandable manner, with no 
attempt to treat them in encyclopedic de- 
tail. The aesthetic factors are also treated 
in a practical manner, with no resort to 
esoteric terms. 

It is disappointing to find that only eight 
pages are devoted to the combined subjects 
of photographic, motion-picture and tele- 
vision studio lighting. In one sense, this is 
consistent with the author’s thesis that the 
several branches of lighting knowledge are 
related by a common bond, so that the 
brief coverage merely implies that there is 
not much difference between this and any 
other form of lighting. Certainly, more in- 
formation is given than the mere page count 
would indicate. However, 34 pages are de- 
voted to architectural lighting. 

A book of such wide scope is, for the spe- 
cialist technician, at best a review source 
The main field of interest may fall at execu- 
tive, management level where broad cover- 
age is of more interest than detail, and 
where a knowledge of what has been done 
in related fields may contribute to imagina- 
tive planning. Bernard D. Plakun, General 
Precision Laboratory Inc., Pleasantville, 


N.Y. 


Standards for a Strong America 


Published (1954) by American Standards 
Assn., 70 E. 45 St., New York 17. 100 pp 
8} X 11 in. Paper bound. Price $3.00, 


After some rather extensive amenities 
relating to the presentations of awards and 
official addresses, this volume has some 30 
papers of a wide range of subject matter and 
varied interest, among which are: 


Modular Planning and the Manufacturer, 
by Charles W. Kraft 

American Society of Safety Engineers and 
Safety Standardization, by Henry D. 
Duffus 

American Safety Standards —- Demonstra- 
tion of Industrial Self-Government, by 
Arthur S. Johnson 

Standards for the Conservation of Hearing 
in Industry, by Prof. Walter A. Rosen- 
blith 

(Under “International Standards and What 
They Mean to the American Electrical 
Industry” there are six papers. ) 

Recent Developments in American Surface 
Finish Standards, by Roy P. Trowbridge 

What the Purchasing Agent Wants From 
the Engineer in Standardization, two 
papers, by Nelson J. Gibbins, and by 
William R. Murray 

Evaluating the Results of a Quality Control 
System in the Plant, three papers, by 
L.. Grant Hector, by Dr. Ellis R. Ott, and 
by Thomas A. Budne 
On color television, there are two papers: 

The National Television System Committee 
as an Example of Systems Engineering 
and Industrial Standards, by Knox 
Mcllwain 

Derivation of the FCC Color Television 
Standard, by J. W. Wentworth 
And a final paper of note: 

How a Publication Can Purther the Stand- 
ards Movement, by Frank J. Oliver. 


PEERLESS 


4 Reconditioning of Prints 
z for Film Libraries 


: Can be done one at a time, ten at a time, 
any number at a time according to your 


Z needs and convenience. 


Among the prints in your Film Library, there 
are undoubtedly some which, through hard, 


Z frequent usage have been damaged — with 
S the result that the impact of your message on 
. audiences may be seriously diminished. 

A Our many years of experience in the protec- 


Z tion, preservation and reconditioning of film 
S can profitably serve you in prolonging the 
: useful life of your prints. 


Peerless Re-Conditioning services include: 


INSPECTION CLEANING 
REPAIRS FOOTAGE REPLACEMENTS 
: SCRATCH REMOVAL REHUMIDIFICATION 


“PEERLESS TREATMENT’ TO RESIST FUTURE DAMAGE. 


We can also cut your costs by reducing or eliminating 
the need for replacement footage or whole replace- 
ment prints. 


Get Longer Life for Your Prints! 


Cost? Surprisingly low! Write for Price List. 


FILM PROCESSING CORPORATION 


165 WEST 46th STREET, NEW YORK 36, N. Y. 
959 SEWARD STREET, HOLLYWOOD 38, CALIF. 
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MOTION PICTURE MUSEU 
by 


Hunt Chemicals for both 
color and black and white motion picture processing 
conform to the photographic specifications 
of the American Standards Association. 


FOR RESEARCH ASSISTANCE WRITE TO: 
THOMAS T. HILL, Director Photographie Research 


FOR TECHNICAL SERVICE WRITE TO: 
CHARLES F. LO BALBO, Motion Picture Technical Advisor 


Established 1909 


PHILIP A. HUNT COMPANY 
Manufacturing Chemists PALISADES PARK, WN. 5. 
Brooklyn, * Cambridge, Mass. Chicago, Jil. 
Cleveland, Ohio + Dallas, Tex. + Los Angeles, Calif, 


George Eastman House of Photography 
has been touring the country in the form of 
a trailer exhibit. The George Eastman 
House is the world’s most complete and 
authentic museum of motvion-picture memo- 
rabilia, housing priceless relics of the early 
days of motion pictures: early cameras 
and projection equipment, posters, antique 
picture animating devices, interesting still 
photographs from the first film shown com- 
mercially and other collector’s items. 

The especially designed trailer, under 
the sponsorship of Loew's Theatres Golden 
Jubilee, has been engineered to allow opera- 
tion of some of the exhibits by visitors. It 
has a built-in generator to provide current 
for lighting and mechanization of the in- 
terior, and all displays have title cards ex- 
plaining their origin and uses. Included in 
the mechanical portion of the museum 
exhibit is an early Edison projector and an 
original Lumiere projector. 

The historic advance of the motion pic- 
ture over the past 50 years is graphically 
illustrated in a special display of valuable 
photographs and color transparencies. 
These show scenes from important early 
movies, and depict some of filmdom’s im- 
mortal entertainment personalities. 

Also on view is the world’s first movie 
lithograph, fore-runner of today’s advertis- 
ing posters, a 1913 newsreel camera and an 
antique color camera, A complete projec- 
tor of the same period is another interesting 
feature. Visitors to the George Eastman 
House trailer museum are invited to work 
an actual Mutescope, the kind of peepshow 
movie that doubtless delighted their grand- 
parents. 

The Museumobile has already visited 
New York City, Cleveland, Akron, Canton, 
Indianapol:s, Evansville, St. Louis, Toledo 
and Dayton. It is currently visiting New 
England cities in which Loew’s Theatres 
are located. 

The mobile exhibit was created by Gen 
Oscar N. Solbert, director of the Rochester 
institution, and his curatorial staff. The 
objective is to give people all over the coun- 
try a chance to see the priceless exhibits, 
since comparatively few people will be able 
to journey to Rochester for that purpose. 


Membership Certificates (Active and Asso- | 
ciate members only), Attractive hand- | 
engrossed certificates, suitable for framing for 
display in offices or homes, may be obtained 
by writing to Society headquarters, at 55 
West 42d St., New York 3%, Price: $2.50, 
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Graphic Arts Chemicals 
HUNT PLANTS, BRANCHES 


Communications and Electronics is a new 
magazine published in England and con- f 
centrating on the uses to which new com- ROTARY 
munication techniques and electronic de- , 4 
vices can be put. Articles in the first issue, STEP 4 
which appeared in September, included: 
communications and navigational aids in . 
civil aviation; the applications of radio and “ 
allied techniques on British railways; CINEMA potentiometers 
colour television present and future; 
transistors a candid assessment; and 
automatic computation in research, indus- for 
try and commerce. The magazine is pub- t 
lished monthly, at $6 for twelve issues, by . . 

at $6 f Available in INSTRUMENTS AND 
Heywood & Co. Ltd., Drury House, 
Russell St., Drury Lane, London W.C.2. accuracies from CONTROL CIRCUITS. 
1% to 025%, 


Armed Forces Institute 


1 

of Pathology 40 ohm to 
Three-Day Symposium 10 megohms. For 

Held on January 17-19, with head- direct current and 
quarters at Washington, this symposium of : 
the Armed Forces Institute of Pathology frequencies up 
centered about closed-circuit television to 20 kc. Write 
and color television, ending with a three- ; 
city consultation by color television. for catalogue on 


Early in the symposium, Ken Thomas, 
Head, TV Production Branch, Special 
Devices Center, Office of Naval Research, 
Port Washington, N.Y., spoke on ‘‘Closed- 
Circuit Television in Medical Education 


and Research,” covering the basic prin- | Ly 
ciples of flexibility for originating equip- esis CINEMA ENGINEERING CO. 
ment with the small, portable, vidicon = ce, 

camera chain as an example. To overcome Now” 1100 CHESTNUT ST. + BURBANK, CALIF. 
the obstacle of using only one camera, the 
Special Devices Center has developed its 
Instructional T'V System consisting of two 
image-orthicon cameras on two separate 
consoles on wheels. There is a master con- 
sole and camera and a slave console and 


Professional 


Dr. Alfred N. Goldsmith, pioneer elec- 
tronics engineer and inventor, told how r oOo r T ri Pp oOo d 
color television can now serve as a revo- 
lutionary tool for diagnosis, consultation, —used by more professional cameramen 
teaching and research in the fields of medi- than any other tripod in the world. 
cine and biology. He advised: ‘The system 
adopted for medical purposes shouid, to 


your letterhead. 


Shown with friction type head which handles all 
l6mm cameras, with or without motor, 


rreat advantage, be identical with the 

it: Also 35mm B & H Eyemo, DeVry. Interchangeable 
governmentally approved, simultaneous with gear drive head. “Baby” tripod base 

and compatible system now in vogue for and “Hi-Hat” also available. 

broadcasting purposes... . If, on the other 


hand, color pictures of equal detail on an if you're a professional—you need 
incompatible system were transmitted, the “Professional Junior” Tripod. See it today. 


SALES « SERVICE RENTALS 


*9.5mm Lenses in 16mm C mount. 18.5mm (extreme wide angle-fiat field) 
Lenses available in mounts for all 35 mm Motion Picture Cameras. 
vendt te *PHOTO RESEARCH Color Temperature Meters. *Electric Footage Timers 
costs and probably more limited avail- *Neumade and Hollywood Film Company cutting room equipment. 
ability of the corresponding special circuits *Griswold & B.&H. Hot Splicers. *DOLLIES—Bardwell-McAlister, Mole 
and trained operating personnel qualified Richardson, Century and Colortran Lighting Equipment. 


" Complete line of 16mm and 35mm Cameras 


network coaxial cable or radio-relay con- 
nections would have to accommodate a fre- 
quency band of 8 to 10 me width. This is 
two to three times as wide a band as is 
needed for compatible color-television sig- 


to handle them. 

On the last day of the symposium, the 
cities of Baltimore and Washington were 
linked by closed circuit, by Radio Corpora- 


tion of America, to Philadelphia where sur- SPLICES NOT HOLDING? Try Jefrona all- “purpose cement. 
geons in an operating room of the Univer- Send for FREE sample. 
sity of Pennsylvania Hospital removed 


tissue from a patient for examination by a ; FRANK . ZUCKER 


pathologist at Philadelphia and also by pa- 
thologists in Baltimore and Washington 
who saw microscopic views brought them 
by color television. An exchange of remarks 
about the diagnosis was made instan- 
taneously, 
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PRESTO SEAL 
PRO MODEL PRESTO SPLICER 
the invisible butt-weld splicer 


splices CINEMASCOPE on 
precise frame line, — 
p ntly in 10 ds! 


Yes, it also splices 
Cron Polyester Base. 


Test Project it. 


CAN'T FEEL, SEE of HEAR IT! 


No bloops on magnetic film 
with new 
PLUG-IN HEATER BLOCK 


eliminates down time! 


replasticized! Eliminates drying out, no 
overlap, no Cement or scraping, no double 
thickness of distortion. Cusrantees per 


feet frame alignment. No light required 


for all sizes of high speed magnetic com- 
puting film and tapes 


Also, The New 
MT-1M PRESTO SPLICER 


for welding together 
“Ye” MYLAR & ACETATE TAPES 
without cement or adhesives 


capable of 


@ Diagonal cut 
withstanding 3 pound pull 


with 
Maximum 


inaudible 
amplifier gain 


*67. F.O.8. 


Sample splice and Brochure on request 


PRESTOSEAL 
3727 33rd, Long Istand City 1, N. Y. 
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new 
products 


Cand developments) 


Further information about these items can be 
obtained direct from the addresses given. Asin 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


The Magne-Cam System comprises a new 
line of compact magnetic sound 
cameras originated by R. Rees Lumley, 339 
South Warren St., Syracuse, N.Y. The 
Magne-Cam Jr. is a single system sound 
and picture camera to use prestriped, sen- 
sitized film of any type. It is driven by an 
a-c synchronous motor at 24 ft/sec only. 
Film capacity is 200 ft. Magne-Cam Sr. is 
also a single-system camera with demount- 
able, light-trapped magazines of 200, 400 
and 800-ft capacity. The recording ampli- 
fiér is provided with a simple playback 
circuit for direct headphone monitoring. 
Magne-Cam Pro. uses the double system of 
recording sound magnetically. Picture and 
sound are recorded simulta- 
neously on separate films, one conventional, 
the other a plain leader with a 100-mm 
magnetic stripe. Magazines are of 400, 800 
and 1200-ft capacity. Other features are: 
dissolving shutter, Veeder counter, four- 
lens turret, direct playback, Wall D type 
intermittent. An accessory player and re- 
recorder, the Magne-Phone, is available. 


three 


magnetic 


A new variable high- and low-frequency 
filter for the elimination of unwanted noises 
in sound reproduction has been put into 
production by Cinema Engineering Co., 
Div. of Aevovox Corp., 100 Chestnut St., 
Burbank, Calif. Known as type 7052, it 
incorporates a 4-stage anuplifier having an 


Processall is a new portable photographic 
film and paper processing unit designed to 
accept all conventional sizes of both roll 
films and papers up to a maximum of 12 
in. wide, for automatic developing, fixing 
and drying. At present there are two basic 
mocels, with the smaller reported priced 
below $1,000. Full details are available 
from the Engineering Sales Dept., Oscar 
Fisher Co., Inc., 1000 N. Division St., 
Peekskill, N.Y. The unit is described as 
weighing less than 50 lb and 18 X 18 X 8 
in. Motion-picture film in sizes 16mm, 
35mm and 70mm is reported to be proc- 
essed at 5 ft/min for black-and-white. 
Additional units may be added for color or 
reversal processing. 


R-C interstage coupling network. Technical 
features include “in and out” switch, triple 
mu-metal shielding of transformers, shock 
mounting of tubes and general electrostatic 
and electromagnetic shielding to permit 
operation in low-level circuits. Frequency 
range is 20 to 15,000 cycles resvonse, plus or 
minus 1 db. Output level is ~2 dbm with 
output impedances to work into 200-250, 
500-600 ohm balanced lines. 
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The Vanguard Motion Analyzer is 4 spe 
cialized projector which measures linear 
motion vs. the time interval of events re- 
corded on film. Information thus obtaimed 
determines velocities, accelerations, dellec- 
tions and stresses. The Analyzer is for vse 
with 16mm film and has an image magni- 
lication of 10%; the lens is a 50mm //2.0 
Wollensak Raptar; film transport is cither 
manual or motorized; counter both adds 
and subtracts; cross-hair positions can be 
read directly to 0,001 in. on dials; and pro- 
jection head can be rotated 360° to align 
angular motions on film with either of two 
cross hairs. Although designed particularly 
to aid in the study of high-speed motion 
pictures, it can also be applied to oscillo- 
scopic recordings on film, as well as to 
other photographic instrumentation. Sales 
agent is the Photographic Analysis Co., 
100 Rock Hill Rad., Clifton, NJ. Price 

$1825.00. 


A new catalog of motion-picture printing 
equipment and accessories is available from 
Motion Picture Printing Equipment Co 
8136 North Lawndale Ave., Skokie, Ill 
Detailed specifications and glossy photos 
are provided of this company’s optical 
printers and printing heads, an automatic 
fade unit, electronic cuing system, and 
automatic light control shutter. 


The Du Mont Color Planning Packet 
contains descriptive information on all 
Du Mont’s color TV broadcasting equip- 
ment. Besides numerous leaflets on indi- 
vidual items, it includes a 35-page booklet 
showing complete planned systems and 
layouts and a 20-page brochure on the film 
multiscanner. Copies may be obtained from 
the Allen B. Du Ment Laboratories, Inc., 
lelevision Transmitter Dept., 1500 Main 


Ave., Clifton, N.J 


WILLIAM B. SNOW 


Consulting Engineer 


Acoustics Electronics 


Professional Services 


Santa Monica, California 


EXbrook 4.6345 
ELLIS w. DARCY 4 ASSOCIATES VIDEO FILM LABORATORIES FILM PRODUCTION EQUIP. 
casaiting en : . Established 1949 The world’s lar source of su ly for prac- 
Applications Complete Laboratory Service for tically every processia 
Motion-Picture Projection Producers Using Reversal! Process recording and oaiiag | motion picture filmes 
Magnetic Recording and Reproduction Also Nopetive ond Positive Developing Demtstie and Foreien 
Write for Price List CINEMA SUPPLY CORP. 
Washington —Oliver 2-2340 131 W. 23rd St, New York 11 Dept. TE, 602 W. 52 St., N.Y.C.-Cable:SOSOUND 


HIGH-SPEED PHOTOGRAPHY PRODUCTION EQUIPMENT ROCKY MOUNTAIN HEADQUARTERS 


Fast ntati 
Film Cameras, Sound Recording, Editing, Processing—Printing—Recording 
Fastax Photographic Service Laboratory and Affiliated Equip. Editing—Production—Rental—Sales 
Consulting Servi b lified E DuPont, East d Fastax fil stock 
Photographic Analysis Company Write for Price Lit 
100 Rock Hill Rd., Clifton, N. J. REEVES EQUIPMENT CORP WESTERN CINE SERVICE, INC. 
Phone: Prescott 8-6436 10 E. ra 114 E, 8th Ave., Denver 3, Colo. TAbor 5-2812 


Professional cards available to members 12 insertions, 2x1 in., $60 
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Byron, Inc., of Washington, D.C., an- 
nounces the addition of a Magna-Striper 
unit to their laboratory. The Reeves ma- 
chine is the 16mm counterpart of the same 
system that is used on CinemaScope pro- 
ductions. The magnetic 
soundtrack to be added to any 16mm film, 
even films which already have an optical 
track. Narration, music, 
effects can then be added by the user as the 
film is projected, 100-mil track is used for 
regular sound stock, 50-mil track for a com- 
bination of magnetic and optical, and a 
24-mil stripe is applied to the opposite edge 
for balancing. Byron, Inc 
offer one-day striping service to the trade. 
Ihe price for any width is 1] cents per 
foot 


system allows 


or special sound 


is prepared to 


Kodak Books and Guides is a new listing 
of sources of information on all phases of 
photography, amateur professional, 
published by the Eastman Kodak Co. 
The publications desciitbed in this guide 
have been prepared by experts in their 
respective photographic fields. They in- 
clude the latest authoritative information 
on both general and specific photographic 
subjects, including the industrial, scientific 
and graphic arts fields. It is available, 
free of charge, from the Sales Service Div., 
Eastman Kodak Co., Rochester 4, N.Y. 


The Siemens l6mm Recording Camera 
is a new camera which consecutively num- 
bers each frame for time-lapse photography 
or synchronization of a number of cameras 


It operates from a standard 24-v battery or 
rectifier and is capable of taking from 5 pic- 
tures a second to 1 picture an hour. Maga- 
zine-loaded, it permits 1600 individual 
exposures to be made in a single loading. 
Lenses up to 1000 mm (40 in.) are avail- 
able. A Siemens Recording Camera Model 
B without lens, including power supply 
cable and focusing magnifier, costs $395 
Further information may be obtained from 
Ercona Camera Corp., 527 Fifth Ave., 
New York 17. 


Yotume 


Variable-Frequency Input Power Supply 
Model V1B has been developed by Stancil- 
Hoffman Corp., 921 N. Highland Ave., 
Hollywood 38, Calif. It is designed to meet 
requirements of the instrumentation and 
recording fields. With the frequency source 
varying between 40 and 90 cycles and a 
voltage variation of from 100 to 150 v, the 
Model V1B will supply a 60-cycle frequency 
standard at 117 v under varying load con- 
ditions to a maximum of 500 w. In addition 
to the portable unit shown, it is also de- 
signed for rack or cabinet mounting. It us 
21 X 19 X 10 in. and weighs 145 Ib. 


Send for Catalog 
of Metien Picture 
Printing Equipment 
and Accessories 


~ 


or fade. 


ica, PICTURE PRINTING EQUIPMENT co. 
Mirs. of Optical and Continuous Printers and Accessories. 


46 NORTH LAWNDALE AVENUE - SKOKIE. ILLINOIS 


INCREASE PRODUCTION 
IMPROVE QUALITY with 


reterso 


PRINTER ACCESSORIES of 
PROVEN DESIGN 


ENGINEERED for MODEL ‘'J’’ 
and ‘'D’’ PRINTERS 


SOUND PRINTING HEAD converts your model "J" or “D" 
into a double head printer without machining. 

AUTOMATIC FADE UNIT new and improved, easily in- 
stalled in your model “J” or 
range of fades from 20 to 180 frames. 

ELECTRONIC CUEING SYSTEM will save your negatives 
and give positive control of both printer light and filters 


“D" printer, for a complete 
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February 1999 journalolt the Volume 


employment 
service 


These notices are published for the service of the 
membership and the field. They are inserted 
three months, at no charge to the member. The 
Society's address cannot be used for replies. 


Positions Wanted 


Motion-Picture Engineer. Secking position of 
responsibility and future in research, develop- 
ment and experimental field along the line of 
i5mm_ professional cinematography or related 
industry. Age 41, have 18 yr engineering experi- 
ence with all types 35mm _ professional cameras 
and projectors, both domestic and foreign make. 
Excellent background in physics, optics, mechan- 
ical design and capability in conducting tests and 
experiments. Experience in preparation of 
descriptive technical literature and patent 
evaluation. Full details upon request to: P.O 
Box 3102, Los Angeles 28. 


Motion Picture Production, Desire position as 
cameraman, Seven years experience includes, as 
well as camera, some lab and editorial work. 
Full details given on request. Available after 15 
April. Age 24 and single. Will locate anywhere 
Write: Normal E. C. Naill, College Ave., New 
Windsor, Md 


Writer/ Production Assistant. College grad with 
varied experience in TV film work wants afhili- 
ation with progressive firm. Strong commercial 
copy, dignified documentary, imaginative car- 
toon creations all with cost-conscious approach 
Staff or free-lance. Resume and samples on 
request. Len Pullen, Belle Mead, N_J, 


Motion Picture Production, All-around small- 
studio man, experienced in 16mm and 35mm 
projection, at present studying all phases of 
cinematography at U.S.C. Los Angeles area only 
Joseph Schneider, 1255 N. Sycamore Ave., 
Hollywood 38. Tel: Hollywood 7-2859 


Positions Available 


Technical Director. Due to plans for expansion, 
we invite applications from qualified technical 
administrators capable of directing, supervising 
and coordinating technical departments, Quali- 
fications are overall knowledge of modern color 
photographic processes, both still and motion- 
picture, including supervisory experience in 
photographic chemistry, sensitometry, quality 
control and research. We require a man of 
sufficient stature and ability ultimately to 
assume responsibility for these departments and 
coordinate their efforts with production and 
sales requirements. Salary open. Address appli- 
cation to: Leo Pavelle, President, Pavelle Color 
Inc., 533 West 57 St., New York 19 


B.S. or M.S. Chemical Engineer wanted for 
training in photographic processing technology, 
leading to staff position under Process Super- 
visor. Ultimate duties will include setting up and 
maintenance of processing tolerances, trouble 
shooting on technical problems, supervision of 
new processes during initial production phases 
Shift work, Send brief resume including 
approximate salary requirements to E. E.. Griffith, 
Technicolor Motion Picture Corp., 6311 
Romaine St., Hollywood, Calif. 


| 


PHOTOVOLT 
COLOR DENSITOMETER 


For measurement of color density on motion picture film, per- 
mitting the reading of high densities on small areas with narrow- 
band and sharp-cutting color filters, including interference filters 


Write for Bulletins Nos. 245, 250, and 360 Price, complete $650. 
Accessories available for measurement of density 


on sound-track of 35mm and 16mm motion picture 
film and for evaluation of sensitometric step tablets 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


tC 


Lenses 


Now Finer Lenses for Finer Projection with a 
True Speed of f/1.7 in all sizes where fast lenses are needed. 


From Kollimorgen ... the newest, 
fastest projection lenses. Engineered to give you the brightest, 
clearest, sharpest, most uniform picture you have ever seen, 


For more information ask for Bulletin 222. 


KOLLMORG 


Plant : 347 King Street, 


Northampton, Massachusetts CORPORATION 


New York Office: 30 Church Street, New York 7, New York 
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For balanced a 
color...use byron © 


color-correct’* 


prints 


ru Byron color-correct" prints give you color that is 
2 never too light — never too dark — color that is always oO 
right! Such perfection is a regular service at Byron 
-backed by efficient personnel, precision 
Bia equipment, operating in a plant designed for peak 
4 performance. Byron quality, Byron service costs 
no more, and is available in 8 hours if necessary. 
. Write, wire, or call today for an 


early start on your job! 


. and for balanced service 
byron offers you these 16mm 
production facilities: 

script recording 


art—.- location photography 


titling. music library 


animation — sound stage 


complete black and white 


editing - laboratory facilities 


sound effects precision magnetic striping 


by ron Studios and Laboratory 


1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 


*Reg. U.S. Patent Office 
rit! NATION'S DISCRIMINATING 16MM FILM PRODUCERS ARE CLIENTS OF BYRON 
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Contents — pages 88-104 


Journals Available and Wanted 


News Columns 

77th Convention Program and Hotel ..... 88 
Engineering Activities. ...... £488 


New Editor, Journal of the Audio Engineering 


Program of the Annual Meeting of the Inter- 


Dr. Alfred N. Goldsmith, an Eminent Member of 


Amateur Cinema League Termination . .... 96 


Lighting for Color and Form. Principles, Equipment, 
and Applications, by Rollo Gillespie Williams, 
reviewed by Bernard D. Plakun; Standards for 
a Strong America; Communications. 


Loew's Museumobile of Eastman House Exhibits 98 


Armed Forces Institute of Pathology Three-Day 


Employment Service . 


Advertisers 

Cinema Engineering Co. . VW 
Kollmorgen Optical Corp... . . ..... =. «+103 
LaVezzi Machine Works 96 
Motion Picture Printing Equipment Co. . . . . . 102 
Peerless Film Processing Corp. . . . ..... 
Precision Film Laboratories, Inc. . ...... 90 
Prestoseal Manufacturing Co. . . .... =.=. «+100 


Vanguard Instrument Corp. . . ....... 94 


These notices are published as a service to expedite disposal and acquisition of 
out-of-print Journals. Please write direct to the persons and addresses listed 


Available 


Dec., 1936; Jan., Feb., Apr., May, July, Sept., Nov. 1937; 1938 com- 
plete; 1939 complete; 1940 complete; Jan.~Aug. 1941. Write Richard 
S. Norton, Warner News Inc., 625 Madison Ave., New York 22. 


Collection of back issues available either singly or as a lot. Write 
F. H. Cole, 1258 So. Burnside Ave., Los Angeles 19. 


Wanted 


Complete set of Transactions. Write John Flory, Eastman Kodak Co., 
343 State St., Rochester 4, N. Y. 


Meeting Calendar 


High-Speed Photography, Volumes 1, 2 and 3. Write Jack Gershon, 
Armour Research Foundation, Technology Center, Chicago 16. 


Transactions Nos. 6 and 9. Write W. W. Hennessy, 503 West 41 St, 
New York. 


Signal Corps Pictorial Center could use a complete set of Journals, 
preferably as a donation. Write John P. Byrne, Motion Picture Sensito- 
metrics, Signal Corps Pictorial Center, 45-15 48 St., Long Island City 4, 
N.Y. 


Transactions Nos. |, 5, 6, 7 and 9. Write Lloyd E. Varden, Pavelle 
Color Inc., 533 West 57 St., New York 19. 


SMPTE Central Section, Feb. 21, Mar. 17, May 16, June 13. 

Institute of Radio Engineers, National Convention, Mar. 21-24, 
Kingsbridge Armory, Bronx, N.Y 

Inter-Society Color Council, Apr. 6, Hotel Statler, New York 

Optical Society of America, Apr. 7-9, Hotel Statler, New York 

77th Semiannual Convention of the SMPTE, Apr. 18-22, Drake 
Hotel, Chicago. 

National Academy of Sciences, Apr. 25-27, Washington, D.C. 

American Physical Society, Apr. 28-30, Washington, D.C 

International Commission on Illumination, June 13-22, 
Switzerland. 

International Aeronautical Conference, joint mtg. of the British Aecro- 
nautical Society and the Institute of the Aeronautical Sciences, 
June 21-24, Los Angeles 

American Institute of Electrical Engineers, Summer General Meeting, 
June 27-July 1, New Ocean House, Swampscott, Mass 

Biological Photographic Association, Annual Meeting, Aug. 30-Sept. 2, 
Wisconsin Hotel, Milwaukee. 


Zurich, 


SMPTE Officers and Committees: 


Illuminating Engineering Society, Sept. 12-16, Cleveland, Ohio 

78th Semiannual Convention of the SMPTE, Oct. 3-7, Lake Placid 
Club, Essex County, N.Y. 

American Institute of Electrical Engineers, Fall General Meeting, 
Oct. 3-7, Morrison Hotel, Chicago 

Photographic Society of America, Annual Convention, Oct, 5-4, 
Sheraton-Plaza Hotel, Boston, Mass 

Audio Engineering Society, Oct. 13-16, New York 

American Standards Association, 37th Annual Meeting and Sixth 
Annual Conference on Standards, Oct. 24-26, Washington, D.( 

7%h Semiannual Convention of the SMPTE, Apr. 29 May 4, 1956, 
Hotel Statler, New York. 

80th Semiannual Convention of the SMPTE, Oct. 7-12, 1956, Am- 
bassador Hotel, Los Angeles. 

81st Semiannual Convention of the SMPTE, Apr. 28-May 34, 1957, 
Shoreham Hotel, Washington, D.C. 

82d Semiannual Convention of the SMPTE, Oct. 6 11, 1957, Hotel 
Statler, New York. 


The rosters of the Officers of the Society, its Sections, 


Subsections and Chapters, and of the Committee Chairmen and Members were published in the April Journal. 
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sustaining 
members 


Alexander Film Co. 

Altec Companies 

Ansco 

C. S. Ashcraft Mfg. Co. 

Audio Productions, Inc. 

The Ballantyne Company 

Bausch & Lomb Optical Co. 

Bell & Howell Company 

Bijou Amusement Company 

Buensod-Stacey, Inc. 

Burnett-Timken Research Laboratory 

Byron, Inc. 

CBS Television 

The Calvin Company 

Century Projector Corporation 

Cineffects, Inc. 

Cinema-Tirage L. Maurice 

Geo. W. Colburn Laboratory, Inc. 

Color Corporation of America 

Consolidated Film Industries 

DeLuxe Laboratories, Inc. 

Du Art Laboratories, Inc. 

E. |. du Pont de Nemours & Co., Inc. 

Eastman Kodak Company 

Elgeet Optical Company, Inc. 

Max Factor & Co. 

Federal Manufacturing and Engineering Corp. 

Fordel Films, Inc. 

General Electric Company 

General Film Laboratories Corporation 

General Precision Equipment Corp. 
Ampro Corporation 
Askania Regulator Company 
General Precision Laboratory Incorporated 
The Hertner Electric Company 
International Projector Corporation 
J. E. McAuley Mfg. Co. 
National Theatre Supply 
The Strong Electric Company 


W. J. German, Inc. 

Guffanti Film Laboratories, Inc. 

The Houston Fearless Corporation 
Hunt's Theatres 

Hurley Screen Company, Inc. 

The Jam Handy Organization, Inc. 
Kolimorgen Optical Corporation 
Lorraine Carbons 

Major Film Laboratories Corporation 


of the Society 
of Motion Picture 


and Television Engineers 


J. A. Maurer, Inc. 

Mecca Film Laboratories, Inc. 

Mitchell Camera Corporation 

Mole-Richardson Co. 

Motiograph, Inc. 

Motion Picture Association of America, Inc. 
Allied Artists Productions, Inc. 
Columbia Pictures Corporation 
Loew's Inc. 

Paramount Pictures Corporation 
Republic Pictures Corp. 

RKO Radio Pictures, Inc. 
Twentieth Century-Fox Film Corp. 
Universal Pictures Company, Inc. 
Warner Bros. Pictures, Inc. 


Motion Picture Printing Equipment Co. 
Movielab Film Laboratories, Inc. 
National Carbon Company 
A Division of Union Carbide and Carbon 
Corporation 


National Cine Equipment, Inc. 

National Screen Service Corporation 

National Theaters Amusement Co., Inc. 

Neighborhood Theatre, Inc. 

Neumade Products Corp. 

Northwest Sound Service, Inc. 

Pathe Laboratories, Inc. 

Polaroid Corporation 

Producers Service Co. 

Projection Optics Co., Inc. 

Radiant Manufacturing Corporation 

Radio Corporation of America, Engineering 
Products Division 

Reid H. Ray Film Industries, Inc. 

Raytone Screen Corp. 

Reeves Sound Studios, Inc. 

$.0.S. Cinema Supply Corp. 

SRT Television Studios 

Shelly Films Limited (Canada) 

The Stancil-Hoffman Corporation 

Technicolor Motion Picture Corporation 

Terrytoons, Inc. 

Titra Film Laboratories, Inc. 

United Amusement Corporation, Limited 

Wenzel Projector Company 

Westinghouse Electric Corporation 

Westrex Corporation 

Wilding Picture Productions, Inc. 

Wollensak Optical Company 
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